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1.1 Introduction 
This memorandum presents the changes made to the Draft Human Health Risk Assessment 
(HHRA) for Site 10 at the Norfolk ~ a i a l  Shipyard (NNSY) in Portsmouth Virginia. The 
HHRA for Site 10 is documented in the Remedial Investigation/Human Health Risk 
Assessment/Focused Feasibility Study @U/HHRA/FFS)R~~O~~ which was distributed as a 
draft document for the Project Management Team (PMT) review in December 2005. Navy, 
US Environmental Protection Agency (EPA) and the Virginia Department of Environmental 
Quality (VDEQ) submitted comments on the Draft Report in March 2006. The responses to 
comments to EPA were distributed to the NNSY PMT on March 20,2006. The significant 
changes to the HHRA based on the comments from the Navy, EPA and the VDEQ are 
summarized herein. Attachments to this tech memo include the Response to EPA 
comments, revised Section 7 Text, Section 7 Tables, and Appendix D-1 and D-2 HHRA 
Tables. 

1.2 Summary of Document Revisions 

1.2.1 Revisions Based Upon USEPA Comments 
USEPA provided Human Health comments on the Draft Remedial Investigation, Human 
Health Risk Assessment, and Focused Feasibiity Study Report for NNSY Site 10 on 
February 8,2006. Changes to the document based on comments received by the USEPA are: 

1) The site wide screening for fugitive and volatile emissions (which includes Dry 
Dock 8 was added to Appendix D-1 Table 2s. 

2) Table 7-10 has been added to the HHRA to assess the draft 2001 TCE toxicity 
values. 

3) "Calculations of Preliminary Remediation Goals (PRGs)" within the subtitle of 
Table 7-7 has been removed. 

4) The final IEUBK model histogram presenting the percentage of populations with 
blood levels above 5% is included as Table 7-9/Appendix D-1. 



5) The adult resident has been added as a potential receptor in Table 1.0 of 
Appendix D-1, but the exposure scenario was not evaluated since the child 
resident was considered representative of a resident and more conservative than 
an adult. 

6) The inhalation cancer slope factor for bis(2-ethylhexy1)phthalate was revised to 
1.4E-02 in Table 6.2 of Appendix D. 

1.2.2 Revisions Based Upon VDEQ Comments 
The VDEQ deferred the technical review by a toxicologist to the EPA. However general 
comments were provided by the State regulatory project manager. Based on a comment 
from the VDEQ a discussion was added to the Uncertainties Section of the HHRA (Section 
7.7) regarding iron and manganese as essential nutrients in groundwater. 

1.2.3 Revisions Based Upon Navy Comments 

1.24 It was noted in the Navy's review of the Draft RI/HHRA/FFS, that the calculations 
of the cancer risks and non cancer hazards in text tables 7-3 and 7-4 were not 
consistent with Appendix D -1 due to a linking error in the excel spreadsheet. The 
revised section 7 text tables are attached. Additionally, the Navy commented on a 
production error which listed Appendix D throughout the Draft report which did 
not match the tables. The Final will have an Appendix D with two subsections. 
Subsection D-1 will contain all of the Site 10 risk assessment tables and subsection D- 
2 will contain the Dry Dock 8 risk assessment tables. 

1.3 Conclusion 
Revisions were made to the Executive Summary and RI/HHRA Conclusions (Section 8) of 
the document to reflect the revisions in the HHRA. Additionally, comments on other 
sections of the document were received from members of the PMT. Therefore a Draft Final 
RI/HHRA/FFS Report for NNSY Site 10 will be submitted for regulatory review and 
finalized when the PMT reaches agreement regarding the report revisions. 
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NAVY RESPONSE TO COMMENTS 

EPA HUMAN HEALTH COMMENTS DATED FEBRUARY 8,2006 ON DRAFT 
RI/HHRA/FFS 

NNSY SITE 10 

1. The report should include the raw analytical background data to confirm the results 
of the statistical UTL testing. In addition, EPA recommends additional background 
statistical tests since UTL testing can be problematic when data are not normally or 
lognormally distributed. 

Resnonse to Comment No. 1 

In preparation of the RTCs, the Navy requested further clarification of this comment. 
EPA restated the comment in an email dated March 7,2006. 

"The report should provide the document reference necessary to confirm the 
background UTL statistical test. In other words, the report should provide the 
reference where the background UTL values were derived and where the raw 
analytical background data can be located (NNSY Background Report, 2003)." 

Following receipt of this comment, the Navy submitted background data tables to 
EPA at their request. Additionally, the background report for NNSY is referenced in 
the RI/HHRA/FFS. The comment has been resolved and there will be no revisions 
to the Human Health Risk Assessment 

2. Section 7.1 and Table 1.0. Please explam why fugitive and volatile emissions from 
soils are being quantitatively evaluated for the Dry Dock Expansion Area but only 
qualitatively evaluated for soils* (surface and subsurface soil combined). In addition, 
Sedion 7.2 should include the potential for the construction workers to be exposed to 
fugitive and volatile emissions from soils*. 

Resaonse to Comment No. 2 

The dry dock was evaluated separately to assess construction worker exposure and 
included all exposure pathways. For consistency, exposure to fugitive and volatile 
emissions from soil has been evaluated site-wide. As was done for the dry dock 
area, the air concentrations were modeled using the soil data, and then screened by 
comparing them to the ambient air RBCs. This screening was added to Appendix D- 
1 Table 2s. There were no COPCs retained for this pathway. There were no COPCs 
retained for the fugitive and volatile emissions from soil pathway for the 
construction worker (or any receptor), as shown in Section 7.1, therefore, this 
pathway was not added to Section 7.2. 

3. Section 7.7. The last paragraph discusses the uncertainty in the analysis of the 
trichloroethene VCE) as a result of differing toxicity values. EPA recommends 
including the final risk results for TCE in a separate table using the draft 2001 TCE 
toxicity values. 



Resaonse to Comment No. 3 

The draft 2001 toxicity value for TCE has been used to calculate risk results for 
informational purposes. The results are discussed in Section 7.7 and included in 
Table 7-10. 

4. Table 7-7 and 7-8. The subtitle to this page is identified as "Calculations of 
Preliminary Remediation Goals OJRGs)." Since the table does not provide 
remediation goals, this title appears to be mislabeled? In addition, the report should 
also include the IEUBK model histogram which provides the final IEUBK results 
(e.g., percentage of populations with blood levels above 5%). 

Resmse  to Comment No. 4 

"Calculations of Preliminary Remediation Goals (FRGs)" within the subtitle of Table 
7-7 is a typographical error. This text has been removed from the table. The final 
IEUBK model histogram presenting the percentage of populations with blood levels 
above 5% is included as Table 7-9/Appendix D-1. 

5. Table 1.0. The adult resident must also be included as a potential receptor because 
the non-carcinogenic risk for adults must also be presented in the report. The current 
report only provides the noncarcinogenic risk results for the child resident. 

Resvonse to Comment No. 5 

The adult resident has been added as a potential receptor in Table 1.0 of Appendix 
D, although the exposure scenario was not evaluated. The HI for a child would be 
greater than an adult. Since the HI for a child was unacceptable, the HI for any 
resident is unacceptable. The child resident was considered representative of a 
resident and more conservative than an adult. 

6. Table 6.2. The inhalation cancer slope factor for bis(2-ethylhexy1)phthalate is 1.4E-02. 

Resvonse to Comment No. 6 

The inhalation cancer slope factor for bis(2-ethylhexy1)phthalate should be 1.4E-02 in 
lieu of the "N/A" provided in Table 6.2 of Appendix D. Inhalation of this 
compound from groundwater was not evaluated since it is not a VOC. 

7. Table 7.2RME. The soils* lifetime (cancer) dermal risk results can not be duplicated. 
Please recheck the algorithm used to produce these results. 

R e m s e  to Comment No. 7 

The results for so&* lifetime (cancer) dermal risk in Table 7.2 RME were re-checked. 
The total dermal risk for this exposure route is 2.6E-05 as listed in the table. 
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SECTION 7 

Human Health Risk Assessment 

The objectives of this investigation are to assess potential human health risks to construction 
workers, indushial workers, and hypothetical fulure residents from exposure to groundwater 
and soil at Site 10. and to identihr anv localized areas where action could be taken to either , . 
achieve unrestricted use of Site 10, or allow for an industrial use restriction of the site. The 
HHRA incorporates the general risk assessment methodology described by EPA guidance 
documents (December 1989, December 2001, July 2004) and EPA Region 111 guidelines and 
procedures (January 1993, June 2003) for performing human health risk assessments under 
CERCLA. 

Analytical data collected during two site investigations (one in September 2001, the other in 
April uX)4) were evaluated in the human health risk assessment. Data collected from the 
area where dry dock 8 will potentially be expanded were also evaluated separately to 
determine if there are any potential risks to the construction worker who wiU be doing the 
expansion work. Figure 4 1  shows the locations of these samples as well as the approximate 
boundary of Site 10. Table 7-1 lists the samples collected during both events and evaluated 
in this risk assessment. 

A complete surnnmry of the analyhcal results evaluated in this HliRA are presented in 
Appendix C. Dekted constituenls are idenhfied in Tables 5-3,M, 5-5, and 5-6 m Section 5 

Constituents of Potential Concern 
The maximum detected concentration of each constituent was compad  to the risk-based 
screening criteria discussed below to select the constituents of potential concern (COPCs). If 
the maximum detected concentration exceeded the screening criterion, the constihlent was 
selected as a COPC. Constituents that were not detected in any of the samples at 
concentrations exceeding the criteria were not retained as COPCs, and therefore were not 
evaluated beyond this step in the risk assessment. 

Soil data were compared to the EPA Region I11 RBCs for residential contact with soil (EPA, 
October 2005). Additionally, air concentrations associated with fugitive and volatile 
emissions from soil were modeled based on the soil data, following EPA's Sail Screening 
Guidance Document (EPA, April 19%). The calculated air concentrations were compared to 
EPA Region III ambient air RBCs (EPA, October 2005). T h m  were no COPCs retained for 
the soil-to-air pathway based on this screening. Groundwater data were compared to the 
EPA Region 111 RBCs for tap water. 'Ihe RBCs that are based on noncarcinogenic effects 
were divided by 10 to account for exposule to multiple constituents. The RBCs that are 
based on carcinogenic endpoints were used as presented in the RBC table. Lead 
concenbations in soil were compared to the EPA residential child soil sawning value of 400 
mg/kg, as determined by the Integrated Exposure Uptake Biokinetic (IEUBK) Model (EPA, 
August 1994). Lead concentrations in groundwater were compared to the EPA Safe 



Drinking Water Act action level of 15 pg/L. Appendix D-1, Tables 21 through 2.5 show the 
results of the COPC selection for constihlents detected in soil and gmundwater. 

Table 7-2 identifies the COPCs selected for soil and groundwater. For surface soil five 
PAHs, one pesticide, and feu- inorganics were &ected as COPCs based on screening 
the maximum detffted concentrations aeainst the residential soil RBCs In combined surface " 
and subsurface so& six PAHs, one pesticide, and fourteen inorganics were selected as 
COPCs. Five VOC5, three SVOCs, four pesticides, and eight inorganics were selected as 
C O W  for groundwater based on scmening the maximum detected concentration against 
the tap water RBCs. 

For the dry dock 8 expansion area, one PAH and six metals were selected as COFCs. 

Potential Receptors 
There is no current exposure to media at Site 10. The majori€y of the site is covered by 
buildings, pavement, or gravel, eliminating exposure to soil. Groundwater at Site 10, or 
anywhere on the Base, is not mmently used as a potable water supply. A conshuction 
worker, industrial worker, and lifetime resident were identified as potential future receptors 
at Site 10. The construction worker could be exposed to soil (combined surface and 
subsurface) via incidental ingestion and dermal contact, and groundwater via dermal 
contact and inhalation of zroundwater vapors from an open excavation. The fuhue 
industrial worker could be exposed to & a c e  soil (if ~avement is removed, but no other 
sigdicant mworking or re-&ading of the site and site soil is performed) or combined 
surface and subsurface soil via incidental ineestion and dermal contact and moundwater 
via ingestion. Future residents could be expgsed to soil (combined surface an; subsurface) 
via incidental inggtion and de~mal conta;, and groundwater used as a potable water 

. 

supply via ingestion, d e d  contact, and inhalation of vapors The fuhue resident risk 
evaluation included evaluation of a child resident for noncarcinoeenic hazards and a 
lifetime resldent for carc~nogenlc nsks. It was- thatuh&mft&@childre$ident 
scenaQ is more conemathre than an adult mident scarario, if thir sfeaado showed no 
risk, it wdd be ammd tha adult ~ w t w o u l d  also aat have risk. Exposure to volatile - ~~ - ~~ 

and fueitive dust emissions horn soil jsnota comolete aathwavs foranv of the recotoa. as " 
no COFCs were retained for this pathway ( ~ ~ ~ d d i x  61, ~ a b k s  2.2 a 2  24, and A * ~ & X  
DZ Table 2-2). 

Exposure Parameters 
Reasonable maximum exposure (RME) and central kndency exposure (CTE) parameters 
were compiled. The expasure p a r a m e  used to estimate the risks to each of the potential 



receptors are included in Appendix D-1, Tables 4.I.RME through 4.4.RME and 4.l.CTE 
Lhrouzh 4.3 .m.  The Rh4E mrameters are discussed below. The CTE oarameaprs were onlv 
used ;b estimate CTE risks A d  hazards when RME risks exceeded EP;\ target risk levels (A 
discussed in Section 7.6) 

Construction workers were assumed to be exposed to site soils and groundwater 250 days 
per year, 8 h o w  per day, for 1 year. It was &sumed that the consGction workers would 
incidentallv ineest 480 me of soil wr dav from the site. This incidental soil ineestion rate is , - - " 
considered appropriate for "contact-intensive" activities, such as construction work (EPA, 
March 2001). Dermal exposure to constituents in soil and mundwater was estimated using - 
recommendations in RAGS E (EPA, July 2004), as appmp&te. It was assumed that 
construction workers wear a short-sleeved shirt. lone olants. and shoes: therefore. the . -. 
exposed skin surface area (3,300 cm2) accounts for head, hands, and foreanns. The soil-to- 
skin adherence factor (0.3 mg/cm2) is the 95npercentile for utility workers (EPA, September 
2001). It was assumed that the inhalation rate for the construction worker is 2 5  m3/hour, 
which is the recommended inhalation rate foradulb working outdoors performing heavy 
activities, based on short-term exposure (EPA, August 1997) 

Indusbial workers were assumed to be exposed to site soils and groundwater for 250 days 
per year, 8 hours per day, for 25 years. It was assumed that the indmhial workers would 
incidentally ingest 100 mg of soil per day from the site. Dermal exposure to constituents in 
soil was estimated using mommendations in RAGS E (EPA, July 2004), as appropriate. It 
was assumed that industrial workers wear a short-slewed shirt, long plants, and shws; 
therefore, the exposed skin surface area (3,300 cm2) accounts for head, hands, and foreanns. 
The soil-to-skin adherence factor (0.2 mg/cmz) is the EPA recommended value for 
commemial/industria1 workers @PA, J & ~  2004). It was conservatively assumed that site 
moundwater would be used as a wtable water s u ~ ~ l v  for the industrial worker. and the - -., 
workers would ingest 1 likr of water per day while at work. 

A child resident was evaluated for noncarcinogenic hazards, and a lifetime resident was 
evaluated for carcinogenic risks associated with hypothetical future residential use of 
Site 10. Future lifetime residents were assumed &be exposed to site soils and groundwater 
for 350 davs w r  vear for 30 vears. and future child residents were assumed to be ex~osed , - ,  , . 
for 6 years. It was assumed h t  each day a child resident would incidentally ingest 200 mg 
of soil per day, and the lifetime resident would incidentally ingest 114 mg soil-year/kg body 
weight-day of soil (see Attachment B, Table 4.- for calculation of this lifetime 
residential ingestion factor) from the site. Dermal exposure to constituents in soil and 
groundwater was estimated using recommendations in RAGS E (EPA, July 2004), as 
appropliate. Inhalation of volatiles while showerinx was calculated for the lifetime resident. 
The inhalation rate used for the lifetime resident wkle showering was 0.83 m3 per day. The 
other parameters associated with the shower model are show in Appendix Dl, Table 7.2.RME 
Supplement C. 

The following constituent-spe~ific dermal absorption fraction values were used to estimate 
dermal exposure to both surface and subsurface soil constituents: 

0.13 for PAHs 
0.10 for all other SVOCs and pesticides 
0.m arsenic 



0.001 for cadmium 
0.01 for all other inorganics 

Exposure Point Concentrations 
Exposure point concenttations (EPG) are estimated medium- and chemical-specific 
concentrations that a receptor may contact. EPCs may be directly monitored or estimated 
using environmental models. For this assessment volatile emissions from groundwater 
while showering were estimated for the resident using the Foster and Chrostowski shower 
model (Appendix D-I., Table 7.2.RME Supplement C) and for the construction worker using 
a two-film volatilization model (Appendix D-1, Table 7.1.RME Supplement B). Filtered 
groundwater data was used in this assessment to calculate the EPG for the inorganic COPCs. 

Roth I1ME and CTE ElTs were ralculated for the COPCs. The RME EI'Cs were calculated in 
accordance with EPA midance mPA. December 2002I. The RIfE EPG were calculated as - > .  

the 95 percent upper confidence limit (95 percent UCL) of the arithmetic mean concentration. 
ProUCL, Version 3.0 (EPA, April 2004), was used to calculate the UCLs and determine the 
distribution data fit. ProUCL 3.0 includes three possible data distribution tests: normal 
distribution, lognormal distribution, and gamma or approximate gamma distribution. The 
UCL is then calculated based on the data distribution. If the dataset does not fit any of these 
distributions, then ProUCL includes nonparametric methods to calculate the UCL. 

The distribution that the data fit, as determined by ProUCL, was used to select the 
appropriate UCL calculation method. The recommendations outlined in the ProUCL model 
documentation were used to select the appropriate UCL (EPA, April 2004). 

The average concentration was used as the EPC for CTE scenarios. For data that fit a 
lognormal distribution (based on the Shapiro-Wilk W-test), the minimum variance unbiased 
estimate of the mean (MWE) was used as the EPC (Gilbert, 1987). For data that fit a normal 
or gamma distribution, the average of the data was used as the CTE EPC. For data sets that 
did not fit normal, lognormal, or gamma distributions, the average concentration of the data 
was used as the EPC. 

The RME and C T E  EFCs are included in Appendix D-1, Tables 3.1.RME through 3.3.RME 
and 3.1.- through 3.3.CTE, and for the dry dock 8 area, Appendix D-2, Table 3.1. 

Toxicity Assessment 
Toxicity assessment defines the relationship between the magnitude of exposure and 
possible severity of adverse effects, and weighs the quality of available toxicological 
evidence. Health effects are divided into two broad groups: noncarcinogenic and 
carcinogenic effects. This division is based on the different mechanisms of action currently 
associated with each category, and therefore these differences affect how dose-response is 
estimated. ConstituenG that cause noncarcinogenic health effects are evaluated 
independently from those that cause carcinogenic effects. Some constituents may elicit both 
noncarcinogenic and carcinogenic effects, and are therefore evaluated in both groups. 



The primary source of toxicity values is the EPA's Integrated Risk Information System (IRIS) 
database, which contains upto-date toxicity and dose-response information for numerous 
t.he~nicals. 1KlS includes only noncarcinogenic reference doses (KIDS) dnd cancer s l o p  
trctors (CSFs) that hd\,e been verified bv EPA work erouDs. 'lhe IRIS database is the EPA's - .  
preferred source of toxicity information. In accordance with EPA guidance (EPA, December 
2W3), the second tier of toxicity factors is the Provisional Peer Reviewed Toxicity Value 
(PPRTV) database maintained by the EPA's National Center for Environmental Assessment 
(NCEA) and the Superfund Health Risk Technical Support Center (STSC). If toxicity data 
are not available from either of these sources, EPA will consider toxicity values obtained 
from other EPA and peer-reviewed non-EPA sources. The use of provisional toxicity values, 
such as those from the PPRTV database, in an HHRA increases the uncertainty of the 
quantitative risk estimate. 

The toxicity values used in this HHRA are presented on Tables 5.1,5.2,6.1, and 6.2, in 
Appendix V-1. 

When subchronic toxicity values for noncarcinogenic effects were available, they were used 
for the construction worker because of the short exposure duration (1 year). It should be 
noted that IRIS does not contain subchronic toxicity values; all subchronic toxicity 
information was obtained from either Tier 11 (PPRTV) or Tier I11 (HEAST) sources. 

Lead does not have available published toxicity factors, and therefore is assessed differently 
than the other COPCs. Lead is regulated by EPA based on the concentration of lead in blood 
in children. The blood-lead concentration is estimated by usinp. a physiologically based 
pharmacokinetic model, the IEUBK Model (EPA, May 2 ~ 2 ) .  l&ks associated i i t h  
;esidmtial exposure to lead are evaluated using EPA'S IEURK hlodel The principal 
asaum~tion associated with the use of IEUtlK is that a child from aees U to 7 vears old is  the - 
receptor for potential exposure to lead in soil. The EPA has also developed a model that can 
be applied to industrial workers exposed to lead, which relates soil lead intake to blood lead 
concentrations of women of child-bearing age (EPA, December 1996). The methodology 
focuses on estimating felal blood lead concentrations in women exposed to lead-contaminated 
soils. The average lead concentration is used as the exposure concentration in both models. 

Risk Characterization 
The RME and CTE results of the HHRA evaluation for the whole site are summarized on 
Tables 7-3 and 7-4, Tables 9.1.RME through 9.4.RME, and 9.1.CTE through 9.3.CTE in 
Appendix V-1. The results of the HHRA for the dry dock 8 expansion area are summarized 
on Table 7-5 and Appendix D-2, Table 9 1. The nsk calculations are presented in 
Alr~endix 1)-1. Tables 7.1 KME throueh 7.4.RMR and 7.1.CTE throurrh 7.3.CTE for the site. . . - - 
and Appendix D-2, Table 7.1.RME for the dry dock 8 expansion area. 

The noncarcinogenic hazard quotient (HQ) is calculated by dividing the intake (calculated 
in Appendix D-1, Table 7s using the exposure parameters discussed in Section 7.4 and the 
exposure point concentrations discussed insection 7.5) by the RfD (shown on Tables 5.1 and 
5.2, Appendix Dl). All of the individual chemical HQs for each exposure scenario are 
summed to estimate the noncarcinogenic hazard index (HI) for that scenario. EPA's target 
noncarcinogenic HI is 1.0. An HI less than 1.0 indicates that there are no potential 



noncarcinogenic risks. An HI above 1.0 indicates that there is some potential for adverse 
noncarcinogenic health effects associated with exposure by the receptor, possibly 
warranting remedial action. When the HI is greater than 1, the individual constituent HQs 
were summed by the resulting health effect or target organ. If the HIS summed by target 
organ are not greater than 1, it is assumed that there would be no adverse noncarcinogenic 
health effects. 

The carcinogenic risk is calculated by multiplying the intake by the CSF (shown on Tables 6.1 
and 6.2, Appendix D-1). EPA's target carcinogenic risk range is between 1xlW to 1x10-6. 
Carcinogenic risks below or within this range are assumed to be acceptable. 

CTE risks were calculated for receptors and media that had RME risks or hazards greater 
than EE'A's target levels. 

Construction Worker, site-wide 
Construction worker exposure to soil could result in a carcinogenic risk of 5.5xlW, which is 
within EPA's target carcinogenic risk range. The noncarcinogenic HI of 2.0 associated with 
exposure to soil exceeds EPA's target HI; however, none of the individual target 
organs/effects have M s  greater than 1, and therefore the noncarcinogenic hazard is 
considered to be acceptable. Because the noncancer HI was greater than 1, a CIE evaluation 
for a construction worker in contact with soil was performed (Appendix D-1, Table 
9.1.ClT). The CfE HI (0.83) is less than the EPA target level of 1. 

Construction worker exposure to shallow groundwater could result in a carcinogenic risk of 
3.3x107and a noncarcinogenic HI of 0.38, both of which are less than EPA's target risk levels. 

Lead was retained as a COPC for combined surface soil and subsurface soil. As discussed in 
Section 7.6, e x p o s e  to lead is evaluated for adult workers using the adult lead model 
(EPA, December 1996). This approach uses a methodolorn to relate soil lead intake to blood 
iead concentrations women of child-bearing age.   he methodology focuses on estimating 
fetal blood lead concentration in women exp&edto Lead contamin&d soils. This pidance 
vrovides a set of default varameter values that can be used in cases where hi& aualitv data .,. , 
are not available to support sitespecific estimates. The mean lead soil concentration was 
used in the model, along with the default values for all of the other parameters. 

The results of the adult lead model for soil are summarized in Table 7-6. As shown in the 
table, the highest 95th percentile blood lead concentration among fetuses of adult workers is 
8.8 pg/dL. The probability that the fetal lead blood concentration would be greater than the 
target blood lead concentration of 10 pg/dL is 3.6 percent and is below the goal of 5 percent. 
Therefore, exposure to lead in soil is not considered a health concern for the fetuses of 
workers. 

Industrial Worker 
As discussed in Section 7.3, the future industrial worker could be exposed to either surface 
soil (if pavement is removed, but no other signhcant reworking or regrading of the site 
and site soil is performed) or combined surface and subsurface soil. Industrial worker 
exposure to surface soil could result in a carcinogenic risk of 3.4~105, which is within EPA's - 
target carcinogenic risk range. The noncarcinogenic HI of 0.64 associated with exposure to 
surface soil is less than EPA's target HI. 



Industrial worker exposure to combined surface and subsurface soil could result in a 
carcinogenic risk of 3.7~10-5, which is within EPA's target carcinogenic risk range. The 
noncarcinogenic HI of 0.53 associated with exposure to soil is less than EPA's target HI. 

Industrial worker exposure to shallow groundwater could result in a carcinogenic risk of 
1.2~104, which is greater than EPA's target carcinogenic risk range. The risk is primarily 
driven by arsenic. Because the carcinogenic risk was greater than 1x104, a f f E  evaluation 
for an industrial worker in contact with shallow groundwater was performed (Appendix D- 
l, Table 9.3.CTE). The CTE carcinogenic risk (2.5~10-~) is within the EPA's target 
carcinogenic risk range of 1x104 to 1x106. The noncarcinogenic HI of 2.6 associated with 
exposure to shallow groundwater by industrial workers exceeds EPA's target HI. Because 
the noncancer HI was greater than 1, a f f E  evaluation for an industrial worker in contact 
with shallow groundwater was performed (Appendix Dl, Table 9.3.CTE). The CTE HI of 1.3 
associated with exposure to shallow groundwater exceeds EPA's target HI; however, none 
of the individual target organs/effects have HIS greater than 1, and therefore the 
noncarcinogenic hazard is considered to be acceptable. 

Lead was retained as a C O K  for both surface soil and combined surface and subsurface 
soil. Exposure to lead in combined surface and subsurface soil by adult workers is discussed 
in the previous section for the construction worker. The results of the adult lead model for 
surface soil are summarized in Table 7-7. As shown in the table, the highest 95th percentile 
blood lead concentration among fetuses of adult workers is 10.2 pg/dL. The probability that 
the fetal lead blood concentration would be greater than the target blood lead concentration 
of 10 pg/dL is 5.2 percent and is slightly above the goal of 5 percent. Therefore, exposure to 
lead in surface soil may pose a slight risk for the fetuses of workers. 

Resident 
Future lifetime resident exposure to soil could result in a carcinogenic risk of 1.4~104, which 
is greater than EPA's target carcinogenic risk range. The risk is primarily driven by arsenic 
with a smaller contribution from PAHs. Because the carcinogenic risk was greater than 1x10 
4, a CTE evaluation for a lifetime resident in contact with soil was performed (Appendix D- 
l ,  Table 9.2.CTE). The CTE carcinogenic risk (1.5xlW) is within the EPA's target 
carcinogenic risk range of 1x104 to 1x106. The noncarcinogenic HI of 5.6 associated with 
exposure to soil by child residents exceeds EPA's target HI. The hazard is primarily driven 
by arsenic (the only constituent with an individual HI above 1) with smaller contributions 
from copper, iron, and mercury. Because the noncancer HI was greater than 1, a CTE 
evaluation for a child resident in contact with soil was performed (Appendix Dl, Table 
9.2.CTE). The CTE HI (0.91) is below the EPA target level of 1. Therefore, since there is a 
RME hazard above EPA's target HI to the child resident, and a RME carcinogenic risk to the 
residential child, it was assumed that for the residential scenario. 

Future lifetime resident exposure to shallow groundwater could result in a carcinogenic risk 
of 5.5~104 which is greater than EPA's target carcinogenic risk range. The risk is primarily 
driven by arsenic. Because the carcinogenic risk was greater than 1x104, a CTE evaluation 
for a lifetime resident in contact with shallow groundwater was performed (Appendix D-l, 
Table 9.2.CTE). The CTE carcinogenic risk (1.2~104) is greater than the EPA's target 
carcinogenic risk range of 1x104 to 1x106. The noncarcinogenic HI of 39 associated with 
exposure to shallow groundwater by child residents exceeds EPA's target HI. Since the 



noncarcinogenic HI exceeds EPA's target HI for the child residents it would also exceed for 
the adult residents. The hazard is primarily driven arsenic, iron, and manganese, all 
contributing individual HIS greater than 1.0. Because the noncancer HI was greater than 1, a 
CTE evaluation for a child resident in contact with shallow groundwater was performed 
(Appendix D-1, Table 9.2.CTE). The ClT HI (6.5) is greater than the EPA target level of 1. 

Lead was retained as a COPC for combined surface and subsurface soil. As discussed in 
Section 7.6, exposure to lead is evaluated for child residents using the IEUBK model (EPA, 
May 2002). The results of the IEUBK model for surface soil are summarized in Table 7-8 and 
Table 7-9.'The IEUBK evaluation resulted in a geometric mean blood concentration of 
5.7 pg/dL (micrograms of lead per deciliter blood) for children 0 to 84 months old. 
Approximately 12 percent of this population had a blood lead level greater than EPA's 
recommended level of 10 pg/dL. EPA considers lead in soil not to be a health concern if less 
than 5 percent of the population has a blood-lead level greater than 10 pg/dL. Therefore, 
residential exposure to lead in surface soil may be a potential health concern for residential 
children. 

Construction Worker, Dly Dock 8 Expansion 
Construction worker exposure to surface and subsurface soil could result in a carcinogenic 
risk of 8.5~10-7, which is less than EPA's target carcinogenic risk range. The noncarcinogenic 
HI of 0.65 associated with exposure to surface soil is less than EPA's target HI of 1. 

Therefore, construction worker exposure to surface soil and subsurface soil during the dry 
dock 8 expansion project will not result in any hazards or risks greater than EPA's target 
Levels. 

UncertaintylLimitations 
The risk measuws used in Superfund site risk assessments are not fully probabilistic 
estimates of risk but are conditional estimates given a set of assumptions about exposure 
and toxicity that are realized. Thus, it is important to specify the assumptions and 
uncertainties inherent in the risk assessment to place the risk estimates in proper perspective 
(EPA, 1989). The uncertainty related to all aspects of this HHRA have been addressed by 
using conservative assumptions, where applicable. This section summarizes some of the key 
assumptions/limitations inherent in the risk characterization calculations performed in this 
assessment. 

The uncertainty in sampling and possibility of missing a contaminated location is expected 
to be minimal at this site because of the amount of sampling data available for the site. The 
quantitative uncertainty associated with the other factors is also minimal because the data 
were validated before use in the risk assessment. f i e  general assumptions used in the 
COlT selection are conservative to ensure the estimation of highest possible risk. 

Comparison of the site data to background data was not used as criteria in the selection of 
the COPCs. However, the maximum detected concentration of the primary risk driver for 
residential exposure to soil, arsenic, exceeds the 95 percent UTL for this constituent in 
background soil. Additionally, the maximum detected concentrations of the risk drivers for 
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residential and or industrial exposure to groundwater, arsenic, iron, and manganese, exceed 
the background 95 percent UTL. 

The dermal exposure to soil pathway is a large source of uncertainty in the risk assessment 
The percent of a constituent absorbed through the skin is likely to be affected by many 
parameters. Some of the parameters include soil loading, soil moisture content, organic 
content, pH, and presence of other constituents. The availability of a chemical depends on 
site-specific fate and transport properties of the chemical species available for eventual 
absorption of skin. Constituent concentrations, specific properties of the constituent, and 
soil release kinetics all impact the amount of a constituent that is absorbed. These factors 
conh.ibute to the uncertainty associated with these estimates and make quantitation of the 
amount of certain constituents absorbed from soil difficult. 

Use of provisional toxicity factors increases the degree of uncertainty associated with the 
risk assessment. Provisional chronic RfUs for aluminum, cobalt, copper, iron, vanadium, 
1,1,2,2-tetrachloroethane, and hichloroethene were used in this assessment Therefore, the 
quantitative estimates of risk for these constituents are associated with greater uncertainty. 
It should also be noted that although the RBCs for aluminum, cobalt, dibenzofuran, and c i s  
12-dichloroethene have been removed from the EPA Region 111 RBC because the 
provisional toxiclty values used to calculate the RRCs have expired, the RBCs for these 
constituents from the A ~ r i l 2 0 0 5  KBC tablr were used for the COI'C xreeninx. Because IRIS - 
does not include subchronic toxicity values, the subchronic lUDs used m this assessment are 
also associated with greater uncertainty. 

Iron is an essential human nutrient, which complicates the derivation of an lUD (USEPA, 
January 1999). The future child resident had an estimated HQ from ingestion of iron in 
groundwater of 8.5, which is greater than the USEPA target value of 1. The estimated RME 
intake of iron via ingestion of groundwater (2.6 mg/ kg-day; Appendix D Table 7.2.RME) is 
only slightly above the recommended daily allowance (RDA) range for children ages 6 
months to 10 years (0 36 - 1.11 mg/kg-day) (EPA, January 1999). Additionally the intake is 
below the maximum daily mtake that is hkely to pose no risk of adverse effects, or the UL. 
The iron UL for children is 2.7 mg/day (Institute of Medicine, 2W5). Therefore, exposure to 
iron in groundwater may not be a health concern for the future resident 

Although the oral RfD for manganese is not provisional (that is, the RfD has been approved 
by an EPA workgroup), the derivation of toxicity factors for essential nutrients is 
complicated, and therefore, warrants further discussion. Manganese is an essential human 
nutrient responsible for activating several enzymes (EPA, 2006). Disease states have been 
documented in humans associated with both deficiencies and excess intakes of manganese 
(EPA, 2006). The IRIS profile for manganese states, "The reference dose is estimated to be 
an intake for the general population that is not associated with adverse health effects; this is 
not meant to imply that intakes above the reference dose are necessarily associated with 
toxicity. Some individuals may, in fact, consume a diet that contributes more than 10 mg 
Mn/day without any cause for concern," (EPA, 2006). Ingestion of manganese in 
groundwater may result in an Hl of 1.7 to a future child resident, based on a daily intake 
rate of 0.034 mg/kg-day, which corresponds to an intake of 0.51 mg/day (Appendix D, 
Table 7.2.RME). Dermal contact with manganese m groundwater while bathing may result 
in an HI of 21, based on a dady intake rate of 0.017 mg/kg-day, corresponding to an intake 
of 0.26 mg/day (Appendu D, Table 7.2). The combmed intake from ingestion and dermal 
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Summary of Data Evaluated i 

WFL 1927SS05d0 METAL, PESTIPCB. SVOA, VOA 
LDFL 1927-SS0700 METAL. PESTIPCB. SVOA VOA 
LDFL 1927-S508-00 METAL. PESTIPCB. SVOA. VOA 
LOFL 1927SS0900 METAL, PESTIPCB. SVOA. VOA 
LDFL 19275SlC-00 METAL. PESTIPCB. SVOA. VOA 
LDFL 1927SS1200 METAL. PESTIPCB. SVOA. VOA 
LDFL 1927SS1500 METAL. PESTIPCB. SVOA. VOA 

10-SO0100 METAL, SVOA 
10-So0200 METAL. SVOA 
10500300 METAL. SVOA 

10SOO3-W-P METAL, SVOA 
10S004-00 METAL. SVOA 
10S005W METAL, SVOA 
1GS00MX) METAL, SVOA 
10-S007-W METAL. SVOA 

10S00700-P METAL. SVOA 
10-So0800 METAL. SVOA 
10S009MI 

SSP-LDFL 1927SB0201 METAL. PESTIPCB. SVOA VOA 
SSP-LDFL 19275B03-01 METAL. PESTIPCB. SVOA, VOA 
SSPlDFL 1927SB0402 METAL. PESTIPCB. SVOA. VOA 

METAL, PESTIPCB, SVOA. VOA 
SSPlDFL 1927SB05-01 METAL. PESTIPCB. SVOA. VOA 

METAL, PESTIPCB. SVOA VOA 
METAL. PESTIPCB. S V 0 4  VOA 
METAL. PESTIPCB, SVOA. VOA 

SSPlDFL 1927580841 METAL. PESTIPCB. SVOA. VOA 
SSPlDFL 1927SBU%O1 METAL. PESTIPCB. SVOA. VOA 
SSP-WFL 1927SB1C-01 METAL. PESTIPCB, SVOA. VOA 

METAL. PESTIPCB, SVOA. VOA 
SSPlOFL 1927-SB12-01 METAL. PESTIPCB, SVOA. VOA 

METAL, SVOA 
METAL. SVOA 

10500301 METAL. SVOA 
10S003-01-P METAL. SVOA 
10S00401 METAL. SVOA 
10500SO1 METAL. SVOA 
10-500601 METAL, SVOA 
10-S00701 METAL. SVOA 

10500741-P METAL. SVOA 
10500841 METAL. SVOA 
105008-01 METAL. SVOA 
10SO10dl METAL. SVOA 
10-SO1101 METAL. PESTIPCB, SVOA. VOA 
10-SO1201 METAL. PESTIPCB, SVOA. VOA 
10501301 METAL. PESTIPCB. SVOA. VOA 
10501401 METAL. PESTIPCB. SVOA. VOA 
10501540 METAL. PESTIPCB, SVOA, VOA 
10SO15-01 METAL. PESTIPCB. SVOA. VOA 
10501542 METAL PESTIPCB. SVOA, VOA 
105016W 



Summary of Data Evaluated in  Site 10 Human HeaHh Risk Assessment 

LDFL 1927-MW0301D 
LDFL 1927-MW0401D METAL (filtered and mtal), PESTIPCB, SVOA. VOA 
LDFL 1927-MW05-010 METAL (tiltered and mtal), PESTIPCB. SVOA, VOA 
LDFL 1927MW06-01D METAL (filtered and total). PESTIPCB, SVOA. VOA 
LDFL 1927W07-01D METAL ((Itsred and toM). PESTIPCB, SVOA, VOA 
LDLF 1927WO&olD METAL (filtered and total). PESTIPCB. SVOA. VOA 
LDFL 1 9 2 7 W W O l D  METAL (filered and total). PESTIPCB. SVOA, VOA 
LDFL 19274W1 W I D  METAL (filtered and total), PESTIPCB. SVOA. VOA 

LDFL 1927-MW10dlD-P METAL (filtered and total), PESTIPCB. SVOA. VOA 
LDFL 1927-MWll4lD METAL (filtered and mml), PESTIPCB. SVOA. VOA 

10MW01048 METAL (filtered and total), VOA 
10MWOlP-MB METAL (filtered and total), VOA 
lOMW0244B METAL Cltered and total), VOA 
10MW03-048 METAL (filtered and total). VOA 
10MWD404B METAL (filtered and total). VOA 
10-MW0504B METAL (filtered and total), VOA 
1 ~ W 0 6 0 4 B  METAL (filtered and total). VOA 
10-MW0744B METAL (filtered and total), VOA 
10-MWM104B METAL (filtered and total). VOA 
lOklWO9-04B METAL (filtered and total). VOA 
10MW1044B METAL (fillered and taal). VOA 
lO-MW1104B METAL (filtered and total), VOA 
10-MW-1204B METAL (filtered and total). PESTIPCB. SVOA. VOA 
10-MW12P-04B METAL (filtered and total), PESTIPCB, SVOA. VOA 
10-MW13-048 METAL (fillered and total). PESTIPCB. SVOA. VOA 
10-MW14-048 METAL (filtered and total). PESTIPCB, SVOA. VOA 
10-MW15-048 METAL (filtered and total). PESTIPCB, SVOA. VOA 

10-5015-02 METAL, PESTIPCB. SVOA, VOA 
10S016-00 METAL, PESTIPCB, SVOA VOA 
lO-SO16-01 METAL, PESTIPCB, SVOA VOA 
10SO1602 METAL. PESTIPCB. SVOA. VOA 



Table7- 2 

Summary of Chemicals of Potential Concern 

NNSY Site 10 

Groundwater 

1 .l.2,2-Telrachloroethane 

Benzene 
Chloroform 

Trichloroethene 
Vinyl chloride 

2-Methylnaphthalene 
Butyibemylphthalate 
bis(2-Ethylhexyl)phthaIate 

Aldrin 
Dieldrin 

Heptachlor epoxide 

beta-BHC 
Antimony 

Arsenic 
Cadmium 

Cobalt 
Iron 

Manganese 
Nickel 

Selenium 

In addition to exceeded USEPA 

Benzo(a)anthracene 

Benzo(a)pyrene' 
Benzo(b)fluomnthene 
Dibenz(a.h)anthracene' 

Indeno(l.2.3-cd)pyrene 
Heptachlor epoxide 

Aluminum 
Antimony 
Arsenic' 

Cadmium 

Chromium 

Copper' 
Iron. 

Lead' 
Manganese 

Mercury' 
Nickel 
Silver 

Vanadium 
Zinc 

Region Ill Residential Soil 

Dry Dock 8 Soil 

Surface and Subsurface 

Soil 

Surface Soil 

Benzo(a)anthracene' 

Benzo(a)pyrene' 

Benzo(b)fluoranthene' 
Benzo(k)fluoranthene 

Dibenz(a,h)anthracene* 
Indeno(l,2,3cd)pyrene 
Heptachlor Epoxide 

Aluminum 
Antimony 

Arsenic' 
Cadmium 

Chromium 
Copper* 

Iron* 

Lead^ 
Manganese 

Mercury 
Nickel 

Siilver 
Vanadium 
Zinc 

RBCs. these constituents 

Surface and 
Subsurface Soil 

Benzo(a)pyrene 
Aluminum 

Arsenic 

Chromium 
iron 

Manganese 
Vanadium 

exceed the Industrial Soil RBCs. 



Summary of RME Cancer Risks and Hazard Indices 



NA - Not applicable, pathway incamplete. 

Table 7-3 

Summary of RME Cancer Risks and Hazard Indices 

Page 2 of 2 

Hazard 
Index 

4.6 

1.0 
N A 

5.6 

17 

22 
N A 

39 

44 

Chemicals with HIP1 

Arsenic 

Arsenic. iron, 
Manganese 

Manganese 

NNSY 

Chemicals with 
Cancer Rlsks >lO" 

Arsenic 

Receptor 

Resident 

Exposure Route 

Ingestion 

Dermal Contact 
Inhalation 

Total 

Ingestion 

Dermal Contact 
Inhalation 

Total 

Total 

Media 

Soil 

Groundwater 

All Media 

Site 10 

Chemicals with Cancer 
Risks P10" and <lod 

Arsenic, Benzo(a)pyrene, 
Dibenz(a,h)anthracene 

Vinyl chloride 

Cancer Risk 

1.1E-04 

2.6E-05 
N A 

1.4E-04 

5.2E-04 

2.OE05 
1.3E-05 

5.5E-04 

6.9E-04 

Chemicals with Cancer 
Risks >lo6 and <1tT5 

Benzo(a)pyrene. 
Benzo(b)fluoranthene, 
Indeno(l,2.3-cd)pyrene 
Arsenic, Benzo(a)pyrene. 
Benzo(a)anthracene, 
Benzo(b)fluoranthene, 
Dlbenz(a,h)enthracene 

1 .I ,2.2-Tetrachloroethane. 
Bis(2-Ethylhexyl)phthalate. 
Aldrin, Dielrin, Heptachlor 
expoxide 

Butyibenzylphthalate, Bls(2- 
Ethylhexyl)phthalate, Dielrin, 
Heptachlor expoxide 
1,1.2.2-Tetmchlomelhane 



Summary of CTE Cancer Risks and Hazard Indices 

Page 1 of 2 



Summary of CTE Cancer Risks and Hazard lndlces 

NA . Not applicabie, pathway incomplete 

Page 2 of 2 



NA- Not applicable, pathway incomplete. 

Table 7.5 

Summary of  RME Cancer Risks and Hazard Indices 

Dry Dock 8 Expansion Area 
NNSY Site 10 

Page 1 of 1 

Chemicals with Cancer 
Risks >1w6 and clV5 

Hazard 
Index 

0.35 
0.035 
N A 

0.39 

0.39 

Chemicals wlth HI>( 
Chemicals with 

Cancer Risks >lo4 Receptor 

Construction Worker 

Chemicals with Cancer 
Risks 210"and 40" Exposure Route 

Ingestion 
Dermal Contact 
Inhalation 

Total 

Total 

Media 
Surface and 
Subsulface Soil 

All Media 

Cancer Rlsk 

5.3E-07 
5.4E-08 

N A 

5.9E-07 

5.9E-07 
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Comb ned Surface and Subs~rface So I 
LEAD MODEL FOR WINDOWS Verslon 1.0 Bu Id 252 

.................................................................................. 
Model Version: 1.0 Build 252 
User Name: R Warren 
Date: 10/11/2004 
Site Name: NNSY Site 10 
Operable Unit: Combined Surface and Subsurface Soil 
Run Mode: Site Risk Assessment 

# SoiVDust Data 
Arithmetic Average Concentration of Lead in Soil 

.................................................................................. 
The time step used in this model run: 3 - Hourly (24 times a day). 

**.*** Air "̂ "' 

Indoor Air Pb Concentration: 30.000 percent of outdoor. 
Other Air Parameters: 

Age Time Ventilation Lung Outdoor Air 
Outdwrs Rate Absorption Pb Conc 
(hours) (mA3/day) (%) (ug PblmA3) 

*..*. Diet """ 

Age Diet Intake(ug1day) 

.***.* Drinking Water "**" 

Water Consumption: 
Age Water (Llday) 

- 
. 5 1  0.200 
1-2 0.500 
2-3 0.520 
3-4 0.530 
4-5 0.550 
5-6 0.580 
6-7 0.590 



Drinking Water Concentration: 4.000 ug PbIL 

-**.. Soil & Dust """ 

Multiple Source Analysis Used 
Average multiple source mncentration: 343.900 uglg 

Mass fraction of outdoor soil to indoor dust conversion factor: 0.700 
Outdoor airborne lead to indoor household dust lead concentration: 100.000 
Use alternate indoor dust Pb sources? No 

Age Soil (ug Pblg) House Dust (ug Pblg) 
- - 

5-1 477.000 343.900 
1-2 477.000 343.900 
2-3 477.000 343.900 
3-4 477.000 343.900 
4-5 477.000 343.900 
5-6 477.000 343.900 
6 7  477.000 343.900 

...... Alternate Intake "'"' 

Age Alternate (ug Pblday) 

..*... Maternal Contribution: Infant Model '̂ "̂ * 

Maternal Blood Concentration: 2.500 ug PbIdL 

CALCULATED BLOOD LEAD AND LEAD UPTAKES: 
-.~*****~....*...~*..**..*.***-..***.. 

Year Air 
(ugldL) 

---- 
.5-1 0.021 
1-2 0.034 
2-3 0.062 
3-4 0.067 
4-5 0.067 
5-6 0.093 
6 7  0.093 

Year Soil+Dust 
(uglday) 

Diet 
(uglday) 

2.414 
2.476 
2.832 
2.774 
2.767 
2.957 
3.286 

Total 
(uglday) 

Alternate 
(uglday) 

-. 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

Blood 
(ugldL) 

Water 
(uglday) 

. ----- - 
0.349 
0.857 
0.908 
0.942 
1.013 
1.082 
1.108 





Table 7-9 
IEUBK Model Results - Residential Child 
Combined Surface and Subsurface Soil 
NNSY Site 10 

Prob. Distribution (%) 
100 

75 

50 

25 

0 
0 3 6 9 12 15 18 21 24 27 30 33 36 

Blood Pb Cone (ug/dL) 

Cutoff = 10.000 uddl 
Geo Mean = 5.709 
GSD = 1.600 
% Above = 11.650 

Age Range = 0 to 84 months 
Time Step = Hourly 
Run Mode = Site Risk Assessment 
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TABLE 1 

SELECTION OF EXPOSURE PATHWAYS 

NNSY SITE 10 

Rationale for Selection or Exclusion 

of Exposure Pathway 
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Table 1 1  

OCCURRENCE. DlSTRlBUTKU ANDYLECnONOF CKMIWLSOF POTENTULCONCERN 

NNSY S b l O M W M M W W  

I11 M l n l r m m i n m a U ~ - n b . 1 b 1 .  
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'" I I Io~bcm98 

W m R - n :  *son W n i w  LWUIIASL) 

o e e n w a w n :  w ~ o x i ~  lrdcm&an (NTX) 

E r e n w l  ~ r n s ~ l ~ u r )  

B.wSaRniw h l  (BSLI 

M M s ~ l w m  

C m ~ n  

ICSW7-W 

10-SO11.W 

10-SW1.W 

m~c-chema~M~olant~1cm1drn 
M R B C - A W x b h o l R d w z r d u l l  &pr@mRquhrnnV 

TO BS con- 

J = mmdvaue 
K. Kstmnigh 

L = B w L w  

O=Dllyt*l 

C = C r c l w ~ *  

N. Nwm~i-cgrnk 

7 W 7 C Z  

74~47.3  

7 W W  

7 W 5 8 8  

57-12.5 

14395CB 

743&92.1 

743~95-4 

743&Ob5 

74Y)97b 

744802.0 

7 6 4 W  

77W462 

7UC-224 

7440-2U 

744942.2 
7UOBMI 

CBldvrn 

Chmlvm 

cc4&l 

c q w r  
C p n k  

I n  

L e d  

Mqna lum 

M a n s a m  

M m q  
nru 
Wllium 

.%mum 

S I h l  

SmMn 
V.NdlUm 
Zi'r 

709 J 

7.1 

0.81 J 

4.1 

0.11 J 

3 . 7 ~  

6.1 

Sm J 

15.3 

0.05 J 

3.2 J 

281 J 

0.71 J 

0.4 J 

73.5 J 

(0.2 J 
14.2 

7 5 . W  

S 6  

8 , S J  

~r.m 
0 2  J 

M.7W 

3,260 
3,250 

118 

(0.5 

1~ 

2 .30  

1 . 7 J  

118 

2 . M  

5 4  

5 . W  

UWKG 

UWKG 

MOKG 
WG 

MWKG 

HOKG 
WjKE 

MWKG 

UWKO 

MOKG 
WG 

MWKG 

MWKG 

MGKG 

MGKQ 
MrJKO 

MM(0 

40-SM1.W 

IO.SWbW 

10.SMU-W 

SSP-WFL1927-SW1-00 

1OSWCW 

SSPUIFL1927-SSO1.00 

lCS011-W 

lO.SO1100 

16SW2.W 

l&SOl lMI  

SSP.LOFLlOZI-SS4MWI 

108011.~ 

lOS(XI2-W 

l(Lsmsw 

1OSMWD 

SSP.WLl927SS1bW 
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Table 3.1 

MEDIUMSPECiFIC EXPOSURE POINT CONCENTRATION SUMMARY 

NNSY Site 10 

Scenario Tmh-: Future 

Medium: Surface Sail 
Exposure Medium: Surface Soil 

For nondetects, 112 sample quantilation liml was used as a poxy mncenlralion; for duplicate sample results, h e  maximum valw was used in he cakulation~ 

Optimlr: Maximm Detected Value (Max); 95% UCL of Normal Data (95% UCL-N); 95% UCL of Lagtransformed Data using H-Slatiitic (95% UCL-T); 

95% UCL Chebyshev MVUE (95% Cheb); 99% UCL Chebyshev (mean, sd) (99% Chebm); 95% UCL based an Approximate 

Gamma Distribution (95% Gamma); 95% UCL based on Adjusted Gamma Dish-ibution (95% Adj Gamma) 

(1) Shapiro-Wilk W Test indicates data are lognormally diaibuted. 

(2) 95% UCL (or mean) exceeds maxi- detected concentration. Therefore, maximum wncsntration used for EPC. 

(3) Shapiro-Wilks W Test indicates data are mrmally distributed. 

(4) Anderson-Darling fest indicates data are gamma diswibuled. 

(5) KSmimov test indicates date are gamma distributed. 

(6) Data do not M normal, lognamal. or gamma disbibhubbn. 

(7) For lead. arithemetic mean wncentation used as exposure poim wncenuation. 

N -Normal 

T- LogNorma1 

G - Gamma 

NP - NowParametic 

Page I of I 



Table 3.2 

MEDIUMSPECIFIC EXPOSURE POINT CONCENTRATION SUMMARY 

NNSY Site 10 

Scemrio Timehame: Future 

Medium: Soil. 

Exposure Medium: Saii* 

'Suface sail 8 subsurfacesoil combined. 

Full statistics fa data included in Appendix. 

Options: Maximum Deteded Value (Max); 95% UCL of Normal Data (95% UCL-N); 95% UCL of Log-tramformed Data using H-Statistic (95% UCL-T): 

95% UCL Chebyshev MVUE (95% Cheb): 97.5% UCL Chebyshev (mean. sd) (97.5% Chebm); 99% UCL Chebyshev (mean. rd) (99% Cheh ) ;  

95% UCL based on Approdmate Gamma Distributan (95% Gamma): 95% UCL based on Adjurted Gamma Dislribution (95% Adj Gamma) 

(1) Lillldares Test indicates data are lag-normally distributed. 

(2) 95% UCL (w mean) exceeds maxMum detecfed mncentratan. Therefore. maximum wncentralan used for EPC. 

(3) Lilldaes Test indicates data are normally distributed. 

(4) Andersan-Darling test indicates data are gamma distributed. 

(5) K-Smirnov test i n d i i s  data are gamma distributed. 

(6) Dam do not ff normal, bgmrmal, or gamma diiWibtut~on. 

(7) For lead, arilhemetic mean wncentalin used as exposure point concentation. 

Exposure Point 

Exposed Soil at 
NNSY 

N -Normal 

T- LogNorma1 

G - Gamma 

NP - Nan-Parametic 

Page 1 of 1 

I 
Chemical 

of 

Potential 

Concern 

Benra(a)anthracene 

Benza(a)pyene 

Benza(b)fluoranthene 

Benra(k)Ruoranthene 

Dibenz(a.h)anmracene 

Indano(l.2,M)pyene 

Heptachbr epoxide 

Aluminum 

Anhony 

Arsenic 

Cadmium 

Chromium 

Copper 

Imn 

Lead 

Manganese 

M m r y  
Nickel 

Silvsr 

Vanadium 

Zinc 

Expmure Point Concenbation Unib 

mgkg 

mgkg 

mgkg 

mgkg 

mgkg 

mgkg 

mgkg 

mghg 

mglkg 

mgkg 

mglkg 

w l k g  

mgkg 

mgkg 

mgkg 

mgkg 

mglkg 

mgkg 

mglkg 

mgkg 

mgkg 

Ralionale 

(6) 

(6) 

(6) 

(6) 

(6) 

(6) 

(6) 

(1.4.5) 

(6) 

( 0  

(6) 

(1) 

(1) 

(3) 

(7) 

(6) 

(1) 

(1) 

(6) 

(1.4. 5) 

(1) 

Value 

4.30E+W 

Z.WE+W 

2.39E+W 

2.21E+W 

1.4E+W 

157E+W 

2.20E-02 

7.61E+03 

5.46E+W 

2.66E+01 

2.81E+W 

3.44EM1 

251E+03 

l.WE+M 

477E102 

264E+02 

175E+01 

6.18E101 

1.mE+01 

2.21E+01 

2.94E+03 

Mimet ic  

Mean 

1.12EW 

7.29E-01 

8.38E-01 

7.32E-01 

542EOl 

6.35E-01 

499EO3 

647EM3 

122E+W 

149E+01 

129E+W 

2.57E+01 

7.29E+02 

1.57E+M 

4.771+02 

1.48E102 

3.47ElW 

339E+01 

2.38EW 

192EM1 

6 56E-2 

Uniw 

mqmg 

mgkg 

mgkg 

mqmg 

mgkg 

mglkg 

mglkg 

mgkg 

mgkg 

mgkg 

mgkg 

mglkg 

mglkg 

mglkg 

mglkg 

mgkg 

mgkg 

mgkg 

mglkg 

mglkg 

mglkg 

Staus&c 

97.5% Chebm 

97.5% Chebm 

97.5%Chebm 

97.5% Cheb-m 

95%Chebm 

95%Chebm 

95% C h e w  

95% Gamma 

97.5% Cheb-m 

95% UCLT 

97.5% Chebm 

95% UCL-T 

95% Cheb 

95%UCLN 

Mean 
97.5% Cheb-m 

95% Cheb 

95% UCL-T 

97.5% Cheb-m 

95% Gamma 

95% UCL-T 

95% UCL of 

(M) 

4 3 0 E W  (NP) 

2.OOEW (NP) 

2,39E+CO(NP] 

2.20EW (NP) 

1.47E+W (NP) 

1.57EIW (NP) 

2.20E42 (NP) 

7.61E-3 (0) 

5.46E+W (NP) 

2.66E*Ol (T) 

2.81E+W (NP) 

3.44E-1 (T) 

2.51E-3 (T) 

l .ME+M (N) 

2.11EM3 (T) 

26EM2(NP) 

1.75E101 (T) 

6.18EMI (T) 

1.60E+01 (NP) 

2.21E+01 (G) 

2.94E*03 (T) 

Maxinum 

c o n c e ~ l i o n  

(Qualifier) 

2.M)EMI 

6.WEMO J 

I.WEM1 J 

950EM0 J 

1.30EM0 

220EM0 

1.30E-01 D 

2.27EM4 

3.62EM1 

1.24EM2 J 

1.WEMI 

1.81EM2 

1 4 0 E W  

5.47EW 

3.26EM3 

718EM2 

4.05€+01 

3.35EM2 

1.16E-2 

4.55EMl 

5.34E-3 



Table 3.3 

MEOlUMSPEClFlC EXPOSURE POiNT CONCENTRLTlON SUMMARY 

NNSV Site 10 

F o ~  nmdeteas. 1R wmple quatitation iimil was used as a pmxy uncentration: fwau~icate aa+ results, the maamurn valvewar usea in thecalculaum 

2-Methybnaphthdene 

~u ty lmzy i~n l f l s l s te  

blr(2-Ethylhexyl)phmeAatt 

AJdrin 

Oteldrin 

neptachlawxiae 

beta-BHC 

Antimmy 

AMnic 

cadmum 

ml 
ikon 

Manganese 

N W d  

Selenium 

oplimr: ~ a a m u m  oetectea value (nrax): 95% UCL of ~ormaa oats (95% UCL-N): 5% UCL d ~ogtransbrmed Data using H-Starmtic (95% UCL-T): 

95% UCL ~ l e ~ y a h e v  WE (95% Cheb): 97.5% UCL U l e b m e v  MVUE (97.5% Cheb). 95% UCL CheDyYlsv (mean. ad1 (95% Chebm); 

99% uCL Cnecyahev (mean, sa) (99% CheMn): 95% UCL based m Ammximate Gamma DisVibb?iM (95% Gamma): 

9% UCL based on Adi"Jted Gamma Disltibvti'n (95% Mi Gamma) 

(1) Shapir~Wlk W Test indicates data are bwnarmalty dlslnbvted. 

(2) 95% UCL la mean) excess m a m u m  detected cmcentatim. Therefore, -hum m-tratim vrsa far tPC. 

(3) s h a ( ~ m - W l ~ s  w ~ e s t  indicates aataare nwmauy dslnbuted. 

(4) An&PMTDBOinO 1851 indicates data are gamms distributed. 

(5) K-Smimw test indicates data aregamma diilnbuted. 

(6) Data do mtAt n m a l ,  ioOnomai, or gammaaltibtution. 

UWL 

UWL 

UWL 

UWL 

UWL 

UWL 

UWL 

UWL 

UWL 

UWL 

UWL 

UGL 

UGA 

UGA 

UOL 

N - N-ai 

T- L o g N m a i  

G - Gamma 

NP - N m P a r a m l c  

2.67 

6.60 

4.7 

0.015 

0.019 

0.015 

0.013 

4.19 

14.1 

0.63 

9.21 

20,301 

362 

6.51 

5.02 

3.51 (NP) 

24.47 (NP) 

13.6 (NP) 

0.030 (NP) 

0.032 (NP) 

0.040 (NP) 

0.029 (NP) 

6.53 (NP) 

21.1 (GI 

1.76 (NP) 

92.3 (NP) 

39.922 (G) 

536 m 
57.7 (NP) 

10.8 (NP) 

6.0 

M.O 

34 

0 . W  J 

0.M3 J 

3.51 

24.5 

13.6 

0.030 

0.032 

UWL 

UWL 

u G n  

UWL 

UWL 

0.070 J 

0.056 

12.2 J 

529 

5.8 

218 

249.0W 

2.220 

135 

31.4 J 

UWL 

UWL 

UWL 
UGA 

UGlL 

UGlL 

UGIL 

UWL 

UWL 

UWL 

0.040 

0.029 

6.53 

21.1 

1.76 

92.3 

39.922 

536 

57.7 

10.8 

95% UCL-N 

95%Chebm 

95%Chebm 

95%CheDm 

95%Chebm 

161 

(61 

(61 

(61 

(6) 
S % C h e b m  

95%Che&m 

95%Chek-rn 

95% Gamma 

95% Chebm 

59%Ch&m 

95% ~i Gamms 

95% UCL-T 

99%Chebm 

95Xchebm 

- 

(6) 

(6) 

(6) 

(4.5) 

(6) 

(6) 

(4.51 

(1) 

161 

(61 



Table 3.1 CTE 

MEDIUM-SPECIFIC EXPOSURE POINT CONCENTRATION SUMMARY 

NNSY Site 10 

For noodetecls. 112 smple quantitalion l iml was used as a poxy mncentratan; for duplicate sample resub. me maximum value was used in Ihe olwlalion 

Optbns: Maximm Detected Value (Max): 95% UCL of Normal Data (95% UCL-N); 95% UCL of Log-transformed Data using H-Siafistic (95% UCL-T). 

95% UCL Chebyshev MWE (95% Cheb); 99% UCL Chebyshev (mean, sd) (99% Ckb-m); 95% UCL based on Approximate 

G a m e  DiiUibution (95% Gamma): 95% UCL based on Adjusted Gamma Dishibution (95% Ad] Gamma): 

Statisis: Maximum Dateded Value (Max); Mean of Lag-transformed Data using the Mininum Vatiance Unbiased Estimate (MVUE) method (Mean-TI; 

Mean value of Normallydistrtbuted data (Mean-N). 

(1) Data are determined to bgnormaily distributed; use MVUE mean. 

(2) Data are normally distributed; use notmal mean. 

(3) Data are determined lo k s t  fit a gamma distribution; use normal mean. 

(4) Data distribution tests ive inmnclusive (data are not normal, log-normal, or gammadistributed): use mrmal mean. 

Maxmum 

Concenbatbn 

(Quaiikr) 

1.80 

1.60 

3.10 

0.54 

1.00 J 

0.13 D 

9.130 

36.2 

124 J 

1000 

85.6 

1 4 . m  

54,70(3 

3.260 

718 

40.5 

184 

116 

45.4 

5.340 

95% UCL of 
(WIGINP) 

1 (T) 

4.59 (NP) 

4.82 (NP) 

4.37 (NP) 

4.43 (NP) 

0.12 (NP) 

6.324 (N) 

18.5 (NP) 

33.6 (G) 

3.27 (0) 

36.8 (G) 

2.776 m 
25,746 (0) 

1.445 (G) 

276 (GI 

10.8 (G) 

66.9 (GI 

57.8 (NP) 

26.5 (G) 

1.684 (G) 

N - Normal 

T- Log-Normal 

G - Gamma 

NP - NonParametic 

Exposure Point 

Ex-d Surface 
Soil at NNSY 

Units 

MGKG 

MGKG 

MGKG 

MGKG 

MWKG 
MGKG 

MGKG 

MGKG 

MGKG 

MGKG 

MGIKG 

MGKG 

MGKG 

MGKG 

MGlKG 

MGIKG 

MGKG 

MGKG 

MGKG 

MGKG 

Chemivl 

of 

Potential 

Concem 

&nzo(a)anthracene 

Bem(a)pyrene 

Benzo(b)fluoranthene 

Dibem(a,h)anlhracene 

1&n~1,2,3cd)py~ene 

Heptachbrepoxiie 

Aluminum 

AntYno"y 

Arsenic 

Cadmium 

Chrmium 

Copper 

Iron 

Lead 

Manganese 

Mercury 

Nickel 

Silver 

Vanadium 

Zinc 

Exposure Point Coneentretlon Ariihmetic 

Mean 

0.803 

0.806 

0.904 

0.612 

0 . 6 ~ 1  

0.0117 

5,633 

2.34 

20.7 

1.89 

27.2 

925 

19,501 

741 

195 

4.72 

41.0 

5.40 

21.8 

959 

Rationale 

(1) 

(4) 

(41 

(41 

(4) 

(4) 

(2) 

(4) 

(3) 

(3) 

(3) 

(1) 

(3) 

(3) 

(3) 

(31 

(31 

(41 

(3) 

(3) 

Value 

0.62 

0.81 

0.90 

0.54 

0.m 

0.01 

5632.73 

2.34 

20.74 

1.89 

27.20 

0.84 

19.501 

741 

195 

5 

41 

5 

22 

959 

Units 

MGKG 

MGKG 

MGKG 

MGKG 

MGKG 

MGKG 

MGKG 

MGlUG 

MGKG 

MGIKG 

MGIKG 

MGKG 

MGKG 

MGKG 

MGlKG 

MGKG 

MGKG 

MGKG 

MGKG 

MGKG 

Statistic 

Mean-T 

MeahN 

Mean-N 

Max 

~ean -N  

Mean-N 

Mean-N 

MeahN 

Mean-N 

Mean-N 

Mean-N 

Mean-T 

Mean-N 

Mean-N 

Mean-N 

Mean-N 

Mean-N 

Mean-N 

Mean-N 

Mean4 



Table 3.2 CTE 

MEDIUMSPECIFIC EXPOSURE POINT CONCENTRATION SUMMARY 

NNSY Sie 10 

Scenarb Timehame: Fulure 

Medium: Soir 
Expmwe Medium: Sail. 

E-re Point Cowenbation 

Benro(b)Rumnthen 

Benzo(k)fluoranthen 

Dibem(a,h)anthacen 

Indeno(1 .2.Xd)pyren 

Heptachlor epoxide 

'Suface s&l& subsurface soil mb ined.  

Full statistics for data induded in Appendix. 

Options: Maximum Deteded Value (Max): 95% UCL of Normal Data (95% UCL-N): 95% UCL of Log-tramfarmed Data using H S t a W  (95% UCL-T); 

95% UCL Chebyshev MVUE (95% Cheb): 97.5% UCL Chebyshev (mean, sd) (97.5% Chebm); 99% UCL Chebphev(mean, sd) (99% Chebm): 

95% UCL based on Approximate Oamma Dintibutan (95% Gamma); 95% UCL based on Adjusted Gamma Disbibufbn (95% Adj Gamma) 

Statistics: Maximum Detened Value (Max); Mean of Log-lransformed Dae using the Minimum Variance Unbiased Estimate (MWE) methad (Maan-T); 

Mean value of Nmnally-distributed data (Mean-N). 

(1) Data are determined to bgnamally distributed; use MVUE mean. 

(2) Dala are nmnally di ibuted: use normal mean. 

(3) Dala are determined to best fit a gamma disbibulion; use normal mean. 

(4) Data distribution tests are inmnclusive (data are not normal, log-normal, or gammadistributed): us$ normal mean 



TaMe 3.3 CTE 

MEDiUMSPEClFlC EXPOSURE POINT CONCENTMTION SUMMARY 

NNSY Site 10 

FU n m - w a s .  1R ~mequsnt i ta t ion  limit was u w  as a poxy uncentrsm: for duplicate ram* r e w l .  the maamum value was ww in tne cakuiatiol 

Ttienl-hene 

ophonr: Maximum ~ f f i t e d  value (Max); 95% UCL of ~ w m a l  oats (95% UCLN). 95% UCL of log-transformed mam urhg H-statistic (95% UCL-T): 

95% UCL Chebyshw MVUE (95% CMDI: 97.5% UCL ChaDyMsv MVUE (97.5% Chebl: 95% UCL VleDyshw (mean. ad1 (95% Chebml: 

99% UCL Chebyshw (mean, sdl(99% C M ~ ) :  95% UCL msea m AWmximate G a m a  DiYMutm (95% Gamma): 

95% UCL D a W  on Adlust& Gamma Ulstributim (95% Adj Gamma) 

stat is ti^^: MBrirmm metffited vaue (Max): m a n  of ~ o g t r a ~ f a m e d  ~ a t a  using the ~inlmum v a ~ n c e  untiased Ertimate (MVUE) m e w  (Mein-TI: 

Mean valued Narmailqdisl,ibuted dale (Mean-N). 

Almn 
Die!drk 

Heptadlwewdde 

W B H C  

Mltmmy 

I\rsenic 
Cadmum 

C m l t  

Im 

Mangane~e 

Nikkei 

~den ium 

(1) Data are m m e d  lo IognormaliydlribYted: use MVUE mean. 

(2) are m i l y  distributed: use m m a l  mean. 

(31 Data are determined to bert I?? a gamma a'sttibutim; use normal mean. 

(4) Dam di~timutlm tarfr ae inmncluswe (dale are not narnal, lagnormal, or gmadismbuted): use n m l  mean. 

UWL 

UWL 

UWL 

UWL 

UWL 

UWL 

UWL 

UWL 

UWL 

UWL 

UWL 

UWL 

0.015 

0.019 

0.015 

0.013 

4.19 

14.1 

0.63 

921 

20.301 

362 

6.51 

5.02 

0.030 (NPI 

0.032 (NPI 

0 . W  (NPI 

0.029 (NP) 

6.53 (NP) 

21.1 (G) 

1.76 (NP) 

92.3 (NP) 

39.922 (GI 
536 (TI 

57.7 (NP) 

10.8 (NP) 

0.044 J 
0.013 J 
0.070 J 

0.056 

12.2 J 

52.9 

5.8 

218 

249.000 

2.220 

I35 

31.4 J 

0.01 

0.02 

0.02 

0.01 

4.19 

14.05 

0.63 

9.21 

20301.43 

UGn 

UWL 

UGn 

UGn 

U r n  

UWL 

UWL 

U r n  

UWL 

Mean-N 

Mean-N 

Mean-N 

Mean-N 

MearcN 

Mean-N 

MearcN 

MearcN 

Mean-N 

(41 

(41 

(41 

(41 

(4) 

(31 

(4) 

(41 

(31 



T A X E l l R U E  

VALUES USED FW DAILY INTAXE CUCUUTIONS 

REASONIBLEMIXIMUMEXWBVRE 

W I S l l ~ l O  

Llo*. 

(11 ~ l ~ h l ~ e ~ ~ ~ ~ a r n ~ n t u . u m q ~ w r ~ d u n * l m # r n w . ~ u a b n p w l ~  

(I) U S L P A n m m n d . d v ~ u e m r ~ Y I a n l ~ l l d  rrldm (USEPA ID011 

(3) U S E P A m m n M n ( u t ~ w h . m .  

(41 USEPA Y.W I D I r n ~ ~ . B l l p n m l b ( U S E P A . 1 0 0 1 ~ .  

(5) RME SAmmmmanbld W U S E P A ~ r m m n n t i a Y I M u ~ r * i w ~ n d  (nrUd.8h&,hmdl, md bnmm RISEPA2W11. 

I@ USEPAmmn.ndldY.W~COm~.UIMUf i . I&~~USEPA,ZW1I  

Sam.: 

EPA IOBD Ri *Lne~w&EuldnabSup.hhd.  V0I.I: HvmlnHalHnEvalulmMmI.PMA OERR. EPIVYOll-8W. 
EPA IBB1: Ri~*IUUml*Ouldm~(rSSp.IhlIhld. Vd.I: HYmmnHlll~EV~lullmMnnull~Sup~mI*. IB~ididid,SUnda~DI~ullWwnF.olm. IIMIFlml. -ROldlwOZI.MIO. 

EPA lPDI RItAurmntOuid@nmlaSyp~p6md. Vd.1. HvmlnHelnh EvaluaUonMmul(P~ E.SuppllmnlllWdmmbbOsOsOsIRRU AI\I\I\I\Wmll I h .  EP-6. 

nMT-me: Fulun 

,urn: Suth.541 
"p"UMldVn:SUlhm %l €rI 

P l m l U r  
C'd 

cs 
IRS 

EF 

ED 

OF, 

BW 

AX 

AT* 

cs 
8* 

S W  

0*88 

CII 

EF 

ED 

sW 

AT4 
A T 1  

Upwns R& 

~ ~ . m ~ n  

oam* 

R l u C r W  

MU" 

MYI 

R l c m ~ r  P o p l l k m  

I ~ ~ " Y w ~ ~ . ~  

~n*s~na~  womr 

PenmlwMnWn 

cmmwco-mtimn 801 

lnpallinRlladSoll 

UPulmFi.WmV 

~lpsnmmbn 

Conwnlo"l.rto, 1 

BMyWslM 

r \n~inpl lm.[Oanr*)  

AvewinpTlmelNonCanswl 

~bmw~ansnmtmn 801 

6 k h S u W l M A u a L M .  brConUn 

Sdl to SKw Mhmn- Famr 

Olral-bnFndor Wdt 

ConvnbnFador 1 

E X p W F y Y e n C y  

EIPOUmOYNWn 

Bofywlignt 

ArawingThl.(Cmr*) 

AnWnlTh.(NmC.naO 

E x p a n  Pdnl 

F I P ~ ~ S U M S ~ I  MNNSY 

E I P M ~ S Y I ~ S ~ I  alNNSY 

VslY. 

cabubted 

I W  

260 

2s 

O W ?  

70 

26660 

9<11 

C.*UWO~ 

3,SW 

0 2  

d*nrq.clk 

O W 1  

2% 

I S  

70 

26,660 

P.125 

VnD 

w g  

mW." 
d W . . r  

ydan 

wmg 

rP 
dm 
d l y r  

k g  
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w!Cm'd~ 

- 
mg 

W a v  

NIR 

kS 

d m  

d.". 

RsllOWlsl 
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a e ~ a b l . a . ~  RUE 

EPAl98f 

EPA, 1-7 

EPA 1 s ~ 1  

EPA Ill 

EPA I M  

EPA 4989 

~ . . i s b f e ~ t  RYE 

E P A ~ ~ ~ ( s ]  

EPAZCC4(8) 
EPAIDJ1 

EPA 1-1 

EPI. lW7 

EPA l98f 

EPA lDl8 

EPA 1989 

IWSEPII I ION 
Y h I N a m s  

cmnls~u~ I*L.,CDI) (mwly)= 
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TABLE 5.1 

NONWI~CER~XICITV M T A - O ~ E R M A L  

NNSY Sib 10 



TAELE 6.1 

NONCANCER TOXICITY OATA- ORAUDERMI 

NNSY Slte 10 



TABLE 5.1 

NON-CANCER T o x l c m  DATA - OWIL~OERMAL 

NNSY Slte 10 

N!A - N a l p p l l ~ s b b ~ ~  Nm Avalkble. 

(I) source:  ink *alassmant Gulalvlutmr Sup.rhma. vaums I: nwnan H ~ V I  ~vdut lon m n w l  (Part E, Swplemsml Guidsnwfor Dermal Risk Wamment (Inmdrn). 

Sscuon 4.2 and ExhIblt4.1. USEPArecammeds Wi me cd MD should n a b  WumedW aotlmats me alcmad dwa lor mrnpounda whenma a m r p l i m  m e i e w  Is gnalwtMn Wb. 

consuluenlsthat 63 "01 have waI BbmpMon Mdenclea rWonea on this table wrs sarvmsd to Mve sn 0 3  alolptlm m d a n v  o l  10% 

HMT= nsaim EM Ageument Sunmary Tables 

IRIS = Imwratw Rirk I n f o m o n  Syrtsm 

NCEA = Nations1 Csntw htEnvirmment.1 Wasmen t  

PPRlV - Pmaonal  Pear Revlwed TmMy Valuw 

(2) Pmulde equatlonfor dsdvstlon intexi 

(3) For IRIS M l w r ,  pmulde W d a e  IRlSvsr reached. 

For HEASTmlus, proMe medab 04 HEAST. 

F a  NCEA vdues, omvide the d a t e o l m  mde paided by NCEA 

RESP = Rarp la tq  System 

CNS = cenw1 Nsruow spm 
NOAEL = Na &me M l w l  



TABLE 5.2 

NON-CANCER TOXICITY OATA .- INHALATION 

NNSY Site I 0  



TABLE 5.2 

NON-CANCER TOXICITY WTA- INHALATION 

NNSY Slle 10 

mpy of Table Cupdaled-0246.xl 
Page 2 d 3 1052 



TAELE 5.2 

NON-CANCER TOXICITY DATA- INHMATION 

NNSY Site 10 

NIA=NB&PIIcable 

(I) ProvldcaquaUm usedfadwb~tion In text. 
(2) HEAST. AItemtNe MBmcds used as w r c e  of baWmvalues. 

Chmmium and udmiun valusvrenvimdrawn horn HEAST, bulavaliable In Replon Ill RBC Tabb. 

(3) F a  IRIS valurn, &de lhedlle IRIS war ssardled. 

For HEASTvdm, provlds h e  data of HEAST. 

For NCEAv~luls, pmulda the data Mma lUespmvidMl by NCEA. 

HEAST= Hmlh EUeEU -mt Summary Tables 

IRIS= Intepnmd RI* I m t l o n  System 
NCEA= Natiotul Centelfor Ermrmmentilm8EMlent 

PPRTV = ProMona1 PwRB*iBYBd ToxWVBluer 



TABLE 6.7 

CANCER TOXICITY DATA .- ORAUDERMAl 

NNSY Site 10 



TABLE 6.1 

CANCER TOXiClM DATA -- OPAUDERMAL 

NNSY Site 10 

NiA-Not availabie EPA Csidnogsn Gmup: 

IRIS = Integrated Risk Information System A - Human carcinogen 

HEAST= Health Efleds messment Summsv Tsbler B l  - Pmbsbte human csrclnogen - indlcatesthat limited human dsla are availstle 

NCEA = Natbnal Center for Envircnmental Asrsrsment 02 - Pmbable human carcinogen - indleates sunidmt evidence in animals end 

RBC = EPARsglon 111 RBCTable, 4l712005 lnadsquate a no midonce in humans 

C - PmsiMe h u m "  carcinogen 

D -  NO^ ~la~slf labie as B human carcinogen 

E - Evidence at mncarc(nWenic1ty 

(I) Source: mshl\ssessment Guidance fcr Supelfund. Vdume I :  Humm Heaim Evalutlon Manual (Pad E. Supplemeinal Guidance lor D m a l  R i a  A s r s a m t  (Intetlm). 

Sectbn 4.2 and Exhibit C I .  USEPA rscammends that the oral RfD should not Ce adiunted toestimate me amema dme for compcunds wOm the absorption mdency Ir greater man 50% 

Consiitusnts thst da not have aa i  absaption mciencles repwted an this tablewere assumed b have an om1 amapllon eflciency of 100%. 



TABLE 6.2 

CANCER TOXICITY DATA-. INHALATION 

NNSY Site 10 

inhalaurn Canca 

Cancer Guidance 

IRIS = lnlegnled Risk l n t m t i m  S w t m  EPA Grwp 
HEAST= Heath Effects Weument Summaw Tabkr A.  Human carcinogen 

PBgelOf2 



TABLE 6.2 

CANCER TOXICITY DATA- INHALATION 

NNSY Sie 10 

(2) Far IRIS values provide the date IRIS was searched. 

For HEAST valuer, pmvlde the daleof HEAST. 

For NCEA values, prwlde the dale ottheanide pmvlded by NCEA 

FDT RBC values, pravMsthe date of last mange in IheTables. 

Chemicsl 

d Potential 

Concem 

~ o t e s  tor specific cnemlcalr: 

Ttichlormthene slope f s d a  is a rangehorn 0.02 to 0.4 kg-dlmg. The median d 021 may be used la general pawlatians. 0.4 for sensitive papuiations, 

NCEA = Natonal Center for Envranmlntal /Uressmmt 81 - Plobable human carcinogen- lndicatasthat limited human data areavailable 

PPRTV = Pmvislonal Peer Reviewed Toxicity Valuer 02 -Probable human carcinogen - indicates suscient evidence in animals and 
NlA = Not Available inadequate w no widsnce In humans 

C - Pmsible human earclnmsn 

Unit Risk Units inhalation Cancer 

Slope Facta 

Unitr Weight of EvMmcd 

Cancer Guidance 

Descriplion 

S w r w  Dale 

(MM10Dm) 



TABLE 7.I.RIIE 

w L c u u n m  ~ F C ~ E M I C ~ ~ N C E R  RISKSWO NONC*NCERH*LIRDS 

REISMABLE MUIMUM EXPOSURE 

NNSY SKd 10 



TAEiE7.I.RME 

W C U U I D N  O F U l E M U L W m E R  R 1 S K S A N D N O K W N C E R ~ L I S  

R W O N I B L E  W I M U M  EXPOSURE 
NNSY 8110 10 



T*BLET.I.RME 

W C U U T I O N  OF C E M I U L  CANCER RMSANO W K W N C E R W Z M D 3  

FEASONIIBY HUIMUM D(WSURE 

IINSY W $0 



Table 7.1.RME Supdement A 

Caldal'an of DAeuent 

Construcfm Waker, moundwater 
NNSY Sis 10 

organics: mevent (mglcmZ~"enl)= 

I f t  ,,,,, st*,thenDq ,,,, =2xFAxI$ x€ 
w 

N-9: 

Permeabirty mmtanD (m), 8. lag Isme, and 1. horn EPA 2W1 .Rlr*Aaesuoenf Guidance for Supsmrod Volwne C Human melth E v a l u a 6 ~  Manual 
IPariE, SupplerneMel Guidance r o r O s r m a l ~ i s k ~ a s s m e n t  - Interim). EPN540(W99/W5. The default value of O.WI was assigned to inorgsnia 

MIL lined in this hcurnent. CabUaIed nlues dercnbed belov. ~aramefers 8. mu, I* w e  calmlaled fa 2methyinapMhslene. end b e t a - ~ ~ c  
NA - not applicable. 
HeptacHa vred ar wnogate f a  Hepbdbr Epoxlde. 



Equations 
Equation 1 Kv= l/(llk, + l/KH'&) 

Equation 2 k, = 700(18/~W)"4/ 

Equation 3 k, = (321~W)"~~a '  

Equation 4 ER = KV ' cw + ~ 1 0 0 0 c m ~ '  m g l 1 ~ 0  w 
Equation 5 ERa = ER ' g11000 mg hrI60 min mid60 sec ' 1IA 

Variables Units Exposure Assumptions 
Cw = groundwater concentration (~rg/L) chem-specific 
MW = molecular weight (mollgram) chem-specific 
K, - Henly's Law Constant (unitless) chem-specific 
KV = volatilization rate (cmlhr) Solved by Eq 1 
k, = gas phase transfer coefficient (cdhr) Solved by Eq 2 
k, = liquid phase transfer coefficient (cmlhr) Solved by Eq 3 
V = wind speed (ds )  4.4 
Ka' = aeration rate (cdhr) 0.0633 
ER = emission rate (mg/hr) Solved by Eq 4 
A = area of excavation (utility ditch) (m2) 2.700 

Era = area emission rate (g/sec-m2) Solved by Eq 5 

Table 7.1.RME Supplement B 
Inhalation of Volatiles from Groundwater During Construction 

Inhalation Exposure Concentrations Calculated Using a Two-Film Volatilization Model 
Future Construction Worker Senario 

NNSY Site 10 

I c ~  - alr concenlrat~on (mg~m3) Solved JSIW SCREEN3 modell 
Note aerabon rate based on aerat on rate for small pond (0 llday) multlplled by deptn of water 

in excavation (112 R) 

Ca 

(mglm3) 

Chemical 

I I I I I I I I I 

Cw 

(pglL) 

MW 

(mougram) 
K, 

(unitless) 
kt 

(cmhr) 
'% 

( d h r )  

K, 

(cm/hr) 

ER 

(mgthr) 

ERa 

(glsec-m2) 



- 
EXpOwrpOwr 

.adurn Mwdm CxpasvePoinl EXB$UIBROUI~ Chemrald EPC h r  RiY Cabulslana N 0 ~ H a z 8 d C s L u l m  
PobnmlC-rn V ~ I V C  unes ~ m ~ ~ ~ ~ x y o ~ u r e c m c a n u . t i o n  I C S M U ~ ~  ti& C d m r  Rmk InlskllExWW~Mn0~"IrBIM H a m  m a n  

value I unb I value I UnYs valvs units -- - - 
O B ~ I  Benzaohthrstene l.lE*Oo I m~.. ur I NA NA NA NA 4.1~-07 m i ~ d a y  

TWIMR.EeWHUsmtUm8$AIIMIU 

Sullace and subsurface sol1 comblned 



TABLE7.2.RME 

CUCVUTION OFCHEMML CANCER RISKS AN0 NONC*NCERHUlRDS 

REASON*BLEM*XIMUHUW8URE 

NNSY (I* $0 



TABE T I R U E  

CALCLMTIONOFCHEMIWUNCERRISXSANO NOWCANCER H*URDS 
IIUISCMASLE MUIIIUU UPOWRE 

NNSV SIU I0 



TABLE72RK 

WLCUATION O F C K M W L U N C E R  RLSKSANDNONCWCER H W D S  

EMONABLE MUIMUM UWSURE 

NNSY S M  10 

Rsca#aPcwkM RaBa.", 

SUnCe and subsurface roil combined 



Table 7.2.RME Supplement A 

Calculation of DAevenl 
Resident Abllt. Gmundwater 

NNSY Sle 10 

Inorganics: DAevent (mgIcm2-evel) = 
Kp x CW x tevent x 0.001 mglug x 0.001 l/cm3 (eq 1) 

Organics: onevent (mglcm2-euent) = 

(eq 2)  

Notes: 

Permeabilii constants (Kp). B. Bg time, and t. W a n  EPA 2001. RiskAssessmenl Guidance for Supefind Volume I: Human Health EveluelIon Manual 

(Part E. S11pP,-nIal Guidance for DermalRisk Assesmnl-  lnrenm). EPA1540IR1991M5. The default value of O.Wl was assigned lo iwrgania 

not listed in thls dacument. Cahlated valuer desdbed belau. Parameters 8, tau, t-wars calculated f a  2-thylnaphthalene. and betbBHC. 

NA - not applicable. 

Heptachlor used as sumgate for Hsptachla Epaxide. 



Table 7.2.RME Supplement B 

CBkubtion of DAevent 

Resident Child. Groundwater 

NNSY Sile 10 

Inorgsniu: DAevent (mglsm2event) = 

Kp x CW x tevent x 0.001 mglug x 0.001 l/cm3 (eq 1) 

ChemlCal 

of Potenlkl 

Concern 

1.1.2.2-TeVadIomelhane 

Benzene 

Chlaoform 

Trkhloraethene 

Viwl chloride 

ZMelhylnapMhalene 
Butylbenzylphthalate 

b'i5(2€thylhewl)phlhaIate 
Aldrin 

3ieldtin 

Heptachiw epoxide 

betbBHC 
Antimony 

Arsenic 

Cadmium 

Cobalt 

iron 

Manganese 
Nickel 

Selenium 

Organics: OAevent (mglcm2event) = 

Notes: 
Permeability mnsanls (Kp). 8, lag time, and 1' from EPA 2001. Risk Assessment Guidance fw Superfund Vdume I: Human Heelth Evaluation Manuel 

(Part E. SuppIernental Guidance fDr De-1 Risk Assessment - Intenmj. EP/V5401R/991W5. The default value of0001 was assigned to inorganics 

Mt l e d  in Mis document Calcubted values described k b w .  Parameters 8, tau, 1. were calculated for 2methylnaphlhalene. and beb-BHC. 

NA - not applicable. 
Heptkhlw used as surrogate for Heptachlor EpoxMe. 

Groundwater 

Concentratlan 

(CW) 
( ~ 4  
5.70E-01 

4.90E-01 

6.00E-01 

2.00E-01 

9.00E-01 

3.51E-0 
2.45EWl 

1.38EW1 

3.03E-02 

3.24E-02 

4.03E-02 

2.86E-02 

6.53EW0 

2.11EW1 

1.76EWO 

9.23EWl 

3.99EM4 

5.36EW2 

5.77EWl 

1.08E+O1 

PermeabilRy 

Caeffrient 

(KP) 
( m r )  

6.9E-03 

1.5E-02 

6.8E-03 

1.2E-02 

5.6E-03 

1.4E-01 
5.4E-02 

2.5E-02 

1.4E-03 

1.2E-02 

8.6E-03 

2.8E42 

1.0E-03 

l.OE-03 
1.0E-03 

4.OE44 

1.0E-03 

l.OE-03 

2.OE-04 

1.0E-03 

B 
(dimensionless) 

3.4E-02 

5.1E-02 

2.9E-02 

5.3E-02 

1.7E-02 

6.5E-01 
3.7EOl 

1.9E-01 

1.0E-02 

9.0E-02 

6.5E-02 

1.8E-01 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

Lag 
Tine 

(T-J 
(hr) 

ppppp---p- 

9.3E-01 

2.9E-01 

S.OE-O1 

5.8E-01 

2.4501 

6.M-01 
5.9E+W 

1.7E+01 

l.ZE+Ol 

1.5E-1 

1.3E+01 

4~5E+W 

NA 
NA 

NA 

NA 
NA 

NA 

NA 
NA 

1. 

(hr) 

2.2E+W 

7.0E-01 

1.2E+W 

1.4E+00 

5.7E-01 

2.6E+W 
1.4E+01 

4.OE+Ol 

2.9E+Ol 

3.5E+01 

3.2E+01 

I.lE+Ol 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 

Fradion 

Absorbed Water 

(FA1 
(dimensionless) 

l.OE+OO 

l.OE+OO 

l.OE+OO 

1.OEIW 

l O E I W  

l.OE+W 
1OEIW 

8.0E-01 

l.OEW0 

8.0E-01 

8.0E-01 

l.OE+OO 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 

Duration 

of Event 

(tevent) 

(hr) 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 
1 

1 

1 

1 

1 

1 

DAevent 
(mg/cmzevent) 

1.0E-08 

l.lE-08 

8.0E-09 

5.1E-09 

6.8E-09 

1.IE-06 

8.9E-06 

3.lE46 

4.OE-10 

3.3E-09 

2.8149 

4.7E-09 

6.5E-09 

2.1E-08 

1.8E-09 

3.7E-08 

4.0E-05 

5.4E-07 

1.2E-08 

l.lE-08 

~q 

2 

3 

2 

2 

3 

2 

2 

2 

2 

2 

2 

2 

1 

1 

1 

1 

1 

1 

1 
1 











TABLE ,.,.RUE 

CUCUUTlMI Of CWIC*LUNCERRMS*LIONOKCWCERHU*RDS 

REMQIUBLE W M U H  WP08URE 
NNSYSIII 10 





c s n a ~  Tmckams: h t w t  

~ ~ P W Y U U O " :  COrn""CUO"Wmk. 

' Surface and subsurface *oil cornbind. 



Table 72CTE Supplement A 

CBkulatiin of OAevenl 

Resid%nt Adun, Gmundwater 

NNSY Site 10 

Inowanics: DAevem (mglcm2rvenl) = 
Kp x CW x tevent x 0.001 mglug x 0.001 l/cm3 (eq 1) 

Chemical 

of Potential 

Concern 

1.1.2.2-Telrachloroethane 
Benzene 
Chbmfwm 

Trichla~~thene 

Vinyl chloride 

2-MslhylnapMhalene 

Butylberuylphthalate 

k(2-E1hylhql)phthaIate 

Ak in  

Dieldrin 

Heptachlor epoxide 

beta-BHC 

Antimony 

Arsenic 

Cadmium 

coban 

Imn 

Manganese 

Nickel 

Selenium 

Organics: DAevent (mgkm2evanl) = 

Nmes: 

Permeabiliw canstants (Kp), B, lag time. and t. from EPA 2W1. Risk Assessment Guidance for Superfund Volume I: Human HeaNh Evatuation Manual 

(Part E. Suppremenlal Guidance for Dennal Risk Assessment - Interim). EPN510iKl91M)5. The defauk value of OW1 was assigned lo inorganics 

not listed in this document. Caiculated valuer described belaw. Paramelem 8. tau. t-were calculated fw Zmsthylnaphthalsne, and beta-BHC. 

NA - not applicable. 

Heplachlw used as surrogate far Heptachlor Epoxide~ 

Gmundwatm 

Concenbation 

(CW 
(PQW 
5.22E-01 

5.25E-01 

5.06E-01 

4.95E-01 

5.49E-01 

287E+W 
660E+W 

470E+W 

1.46E-02 

1.87E-02 

1.52E-02 

1.27142 

419E+W 

1.41E+01 

6.30E-01 

S.~IE+OO 

2.03E+04 

3.39E+02 

6.51E100 

502E100 

Permeabil'ny 

Coefficient 

(KP) 
(cmhr) 

6.91-03 

1.5E-02 

6.8E-03 

1.2E-02 

5.6E-03 

1.4E-01 
5.4E-02 

2.K-02 

1.4E-03 

1.2E-02 

8.6E-03 

2.8E-02 

1.OE-03 

1 .OE-03 

1 .OE-03 

4 . 0 ~ 4 4  

1 .OE-03 

1 .OE-03 

2.0E-04 

1 .OE-03 

B 
(d'mensbnless) 

3.4E-02 

5.lE-02 

2.0E-02 

5.3E-02 

1.7E-02 

6.5E-01 
3.7E-01 

1.9E-01 

1.0E-02 

9.0E-02 

6.5E-02 

1.8E-01 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

Lag 
Time 

(T.-J 
(hr) 

9.3E-01 

2.9E-01 

5.0E-01 

5.8E-01 

2.4E-01 

6.6E-01 

5.9E+W 

1.7E101 

1.2E+01 

1.5E+01 

1.3E+01 

4.5hW 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

~q 

2 

2 

2 

2 

2 

2 
2 

2 

2 

2 

2 

2 

1 

1 

1 

1 

1 

1 

1 

1 

t' 

(hr) 

2.2E+W 

7.0E-01 

12EXIO 

1 4 E W  

5.7E-01 

2.6EXIO 
14EXll 

4.OEXll 

2.9E+01 

3.5E+01 

32EMl  

1.lEMl 

NA 

NA 

NA 

NA 

NA 
NA 

NA 
NA 

Fraction 

Absorbed Water 

(FA) 
(d~nensionlsss) 

l.OE+OO 

1.0~+00 

l.OE+W 

l.OE+W 

l.OE+W 

1.OEXIO 
l.OE+W 

8.0E-01 

1.OEXIO 

8.0E-01 

8.0E-01 

l.OE+W 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 

Duration 

of Event 

(tevent) 

(hr) 

0.25 

0.25 

0.25 

0.25 

0.25 

0.25 

0.25 

0.25 

0.25 

0.25 

0.25 

0.25 

0.25 

0.25 
0.25 

0.25 

0.25 

0.25 

0.25 

0.25 

DAevent 
(mglcmtvenl) 

4.8E-09 

5.9849 

3.4E-09 

6.3E-09 

2.1E-09 

4.6E-07 

1.2E-06 

5.3E-07 

9.7E-11 

9.5E-10 

53E-10 

l.OE-09 

1.OE-09 

3.5E-09 

1.6E-10 

S.~E-IO 

5.1E06 

8.5E-09 

3.3E-10 

1.3E-09 



TABLEO.I.RME 

SUMMARY OF RECEPTOR NSKSAND W O S  FORCOPCS 

R W L E  W I M U M  EXPOSURE 

NNSY S L  10 

senam ~imefmma: current 

w p l a  Populatim: ConPudbn Wcrker 
ReCeplOrAge: Adult u 

Twhlemetnene 

NIA NA NIA O.OE+OO 

Chmicsl Tots1 

~ m p t a T o l s i  5.9E-OB 
R B C B P ~ ~  Hi 7-1 2.4E*W 

S Y P C B  and S Y D D Y ~ ~ ~ C B  Soil mmbined 



TABLE7.2.CTE 

CIILCUUlKH( (KCHEUlULC+NCERRlBK8*NO WKCUICERHUARDB 

CENTPMTENObNCY 

NNSY S L  10 

NlbTMm: Future 

m*wwI*Ua: Pal.", 

C: mm urn and C I M  M a 

EII.  ROYl#lOtll 

DaMl 

AbssWbn 

HeWUChWExWII 

Alurlnun 

* n t h m Y  
A m d c  

Csdmlum 

C h m W n  

WCQW 
I_ 

Lead 
MaC4II.u 

W U n l  

Wl 

S M  
V~WIM 

ZhG 

B a n W a l s m n s  

Bsnm(a)wrana 

8 . M o ( b ~ - * h m  

W k P u w a m n a  
~ l m z l ~ . h ~ n m ~ o . n a  

mndeno(l.2,~blmna 

H W W E V X l a e  

Aluminm 

* M W  

5.DE.03 

56E+O3 

l.E+Oo 

I.E€+01 

I.SE*OO 

2.M+OI 

7.3E+Ol 

I.7E.M 

+.E+OZ 

I.E*02 

5 M 4 0  

3.4E.01 

Z I E 4 0  

l.SE+Ol 

1.OE43 

I.IE*W 

7 3 . 0 1  

BlE.01 

7 E d 1  

5 . ~ 4 1  

6.5E.01 

5 m Q l  

B.SE+W 

W E 4 0  

W9 
nit4 
q 

i t 4  
m g  
M 
W k 4  
m g M  

w 
W9 
nit4 
mgM 

q 

qit4 
m g  

& 
W k S  
1 4 ~  

& 
& 
m 
m 

w% 

2.IE-09 

2.1E-03 

8.1Ed7 

6 1 E a  

5.4Ed7 

I.TE.05 

3.1E.01 

T.IE.OS 

2 . 0 ~ 4  

0.2E.06 

2 3 E a  

l E d 5  

1.0E-05 

a T E a  

4.4E.M 

6.9E-05 

1.5E-08 

5 . 2 ~ 4 8  

4.5E.06 

~ . 4 ~ - 3 8  

3.0~.08 

3.1E-10 

9.IEd5 

5.8E49 

W k S W  

rWkWay 
W W y  
rWkWaY 
W W y  
m y  
m y  
W W Y  

m y  
m y  
W W y  
WLgld.y 

rWkWay 
WWY 
W W y  

m g I W y  
Wk4M.y 
W ~ W Y  

W9W 
W~SW 
W ~ W  
W k S W  
WkS1d.y 

W l W  

S8.1E+W 

NA 

NA 

1 8 4 0  

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

7.3E-01 

7 3 4 0  

T.3E.01 

7.3M2 

l x t ~  

7.3E-01 

S.$E*W 

NA 

NA 

? l l W 9 d W  
NA 
NA 

1 I l W W d  
NA 

NA 

NA 

NA 

NA 

Nk 

NA 

Nk 

NA 

NA 

NA 

1IlWW.y) 
II(W$d.y) 
I!~WWWI 

1 I l W W d  
I!(- 
II~WWW) 

l l l ~ $ d s y )  
NA 

NA 

1.9E-M 

NA 

NA 

8.5Ea 

LU 

NA 

LU 

NA 

NA 
NA 

NA 
NA 

NA 

NA 

NA 

1AE.M 

5.1E.08 

3.3E.07 

3 . 8 ~ d ~  

3.3E.06 

ZAE.07 

2.9EdB 

28EOP 

NA 

NA 

2.1E-M 

2.E-m 

62E.06 

5 8 - 0 6  
6 Y . M  

L I E 0 1  

3.?E-03 

7.2E-m 

2 . ~ 4 3  

01E.01 

2 .3Ea 

I S E 0 1  

l.OE.05 

8 2 ~ 4 5  

,AM3 

l.OE-01 

46E.07 

5 2 E d l  

4 M O 7  

3 I E a l  

39E-07 

).<Em 

31E.01 

55E.06 

&ld.y 
&ldw 
&May 
&May 
& l a y  
&May 
&May 
&May 
&ray  
W 9 M w  

W a y  
W$M6/ 
W a y  
m ~ a y  
W g i d a y  

& M a  

&lday 
&may 
&May 
m l d a y  
&MW 

&May 
&May 

&1dW 

t.9E.06 

l.OE40 

4.0E.M 

3.OE.01 

l.OE.03 

3.E.U 

40E-02 

3.OE.01 

NA 

2.OE.W 

3.OE.01 

Z.OE-02 

6.OE43 

IIE~ 

3.OE41 

NA 
NA 

NA 

NA 

NA 

NA 

l 3 b M  

IOE40 

5.0~.08 

wk8ld.y 

&lW 
W 1 d . y  
& M y  
W W  
Wk4-y 
rWkWay 
W9ld.y 
& m y  
W9ld.y 

m y  
& M y  

m y  
m y  
w y  

NA 
NA 

N4 
NA 
NA 

LU 

W b M l y  

WlQI 
&W 

I.8Edl 

2.8E-02 

1.3E-m 

222-04 

5.SE.03 

3.E-02 

7.8E-02 

2AE-01 

NA 
3.2E-m 

7.8EdZ 

1.3143 

2.OEM 

a z ~ m  

1.6E-m 

LI.IE4I 

NA 
N& 

NA 

NA 

NA 

NA 

2.4E.01 

31E01 

97E.M , 





TMLE7.2.CTE 

CUCUUI lON ff CHEMICALCANCERRISKS UIDNOKCANCERWURDS 

CEMRKTENMNCY 

NNSY SHe 10 



Table 7.2.CTE Supp4ement B 

Calculation of DAevent 

Resldent Child. Groundwater 

NNSY Site 10 

Inorganlcs: DAevent (mgicm2-event) = 
Kp x CW x tevent x 0.001 rngtug x 0.001 l/cm3 (eq 1) 

Organics: DAevant (mgkm2-event) = 

Chemical 

of Potenlial 

Concem 

1.1.2.2-Tebachlaoelhans 

Benzene 

Chbmform 

Tridlomethene 

Vinyl ch l~ i de  

2-Melhylnaphthalene 

Bulylbemylphthalate 

bis(2-Ethylhexy1)phlhaIate 

Aldtin 

Dieldrin 

Hsptachlaepoxide 

bela-BHC 

Antimony 

h n i c  

Cadmium 

I f t  ,,,,, tt*,thenD&,,=FAxK,xC 

Duration 

of Event 

(tevent) 

(hr) 
0.3 

0.3 

0.3 

0.3 

0 3  

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

0 3  

Notes: 
Permeability constants (Kp). B. lag time. and 1' from EPA 2001. Risk Assessment Gu&nce FwSupe!fund Vmme I: Human He& Ev%luatim Mamd 

(Part E, Supplementd Guidance fw De-l Risk h s m n f  - Infenin). EPA15401W99rn5. The default value of 0.001 was w g n e d  to imrgania 

m t  lisled in this documem. Calwlated values desaibed below. Parameters 8, tau. t ' w e  calwlated for 2memylnaphlhelene, and bemBHC. 

NA - MI applicable. 

Hepmchlar used as surrogate far Heptachbr Epoxide. 

Gmundwater 

Concentation 

(CW) 

5.22E-01 

5.25E-01 

5.06E-01 

4.95E-01 

5.491-01 

2.87E+W 
2.45E+Ol 

4.70E1M 

1.46E-02 

1.87E-02 

1.52E-02 

1.27E-02 

4.19EIW 

1.41E101 

6.30E-01 

9.21E+M 

2.03E+04 

339E+02 

651E100 

502E+W 

DAevent 
(mglm2- eve^ 

5.3E09 

6.4E-09 

3.7E-09 
6.9E09 

2.3E-W 

5.E-07 

4.9E-06 

5.8E-07 

l.lE-10 

1.OE49 

5.8E-10 

1.lE-09 

1.3E-09 

4.2E-09 

1.9E-10 

1.lE-09 

6.1Ed6 

1.0E-07 

39E-10 

1.5E-09 

E~ 
2 

2 

2 

2 

2 

2 

2 

2 

2 
2 

2 

2 

1 

1 

1 

1 

1 

1 

1 

1 

Permeabiliy 

Coaffidenl 

(KP) 

( d h r )  

6.91-03 

1.5E-02 

6.8E-03 
1.2E-02 

5.6143 

1.4E-01 
5.4E-02 

2.5E-02 

1.4E-03 

1.2E-02 

8.68-03 

2.8E-02 

1.OE-03 

l.OE-03 
1.0E-03 

4.OE04 

l.OE-03 

1.OE-03 

2 0 E a  

10E03 

B 

(dimensionless) 

3.4E-02 

5.1E-02 

2.9E-02 

5.3E-02 

1.7162 

6.5E-01 
3.7E-01 

1.9E-01 

l.oE-02 

9.0E-02 

6.5E-02 

1.8E-01 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

Lag 
Time 

( T ~ ~ ~ J  
(hr) 

9.3E-01 

2.9E-01 

5.OE-01 

5.8E-01 
2.4E-01 

6.6E-01 
5.9E+00 

1.7E+01 

1.2E+01 

1.5E+01 

1.3E+01 

4.5E+00 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

I' 

(hr) 

2.2E100 

7.OE-01 

12E+W 

14EIW 

5.7E-01 

2.6E+00 
14E+01 

4.OE+Ol 

2.9E+01 

35E+Ol 

3.2E+Ol 

11E+01 

NA 
NA 
NA 
NA 
NA 

NA 

NA 

NA 

Fraction 
Absorbed Water 

(FA) 
(dimenpronless) 

1.OE40 

1 .OEM0 

1.OE40 

1.OE40 

1.OE40 

10E40 

l.OE+OO 

8.0E-01 

l.OE+OO 

8.0E-01 

8.oE01 

1.OE40 
NA 

NA 
NA 

NA 

NA 
NA 

NA 

NA 



7-LE 7 I CTE 

CNCUUTlWCf CREUICAlCAWER RISUSU(DN0NUNCERWURM 

CENTRUTENMWI 

NNSY St. I0 



TABLE 9.3.RME 

SUMMARY OF RECEPTOR RISKSAND M D S  FORCOPCI 

REASONPBLE M I M U M  EXPOSURE 

NNSY S i  40 

Receptor ~opuletion: Inaurmsl womr 



TABLE93 RME 

S U W R V O F  RECEPTOR M%S WO W O S  FOR COPCl 

REASONABLE W l M U M  EXPOSURE 

NNSY S b  tO 



TABLE P.3.RME 

SUMMARVOF RECEPTMI RI%S AND W D S  FORCOPCS 

REASONABLE MAXIMUM EXWSURE 

NNSY SL 10 

Tmd Limr HI A ~ P I J I  Mma = 
TOMI Mmd HI Amos All = 

TOUI CNS HI /\Emss*II MedIa= 

TDUlG~mlntaltinal HI -41 Media. 

TolslVrcular HI / \ c m ~ I J l  M a s  = 
ToWSkh RAEmssAU Media= 

TOW NOAEL HI AuD.sIJ1 M e 6 1 i  

T m l  W l s B 3 y  HI Acm%sM Madla I 

TOUl F W R  A c w I I W d i 8  - 
TMsl D o e  Body W##M HI Acm%s IJI W d u  = 

TOUl l w n e  Spmm HI I\muUl MWIa = 
raar Resphms swam bung) n l  across Mala=  



TABLE B4.RME 

SUMMARY OF RECEPTOR RISKS AND H M L 5  FOR COPC. 

REASON*BLEM*XIMUM EXPOSURE 

NNWSlb lo 

Recapla Papulatlon: IndurWal Worker 

carunogenlc Ri* 



TABLE B.4.RME 

SUMMARY OF RECEPTOR RISKS *NO HPZeRDS FORCOPC8 

REASOMLE MAXIMUM EXPOSURE 

NNSY sib 10 



TABLE B.&RME 

SUMMARY OF RECEPTOR RISKS AN0 HAZARDS FOR COP& 

REASONABLE MAXIMUM EXPOSURE 

NNSY SIe 19 

Tots1 Liwr HI Mm-YIMWII .  

Tots1 Blood HI mesm wdls = 

Tots1 CNS HI -*I1 Madia= 

Total G s l m i n W t i ~ I  HI Am&8 W Mdia = 

Tots1 Vam1.r HI YI  M d I  I 

T m l  Skln HI *Erm(l AM M i a  - 
TObl NOAR HI ~ S Y I  M d i s i  

. T m l  Whole Body HI m e / U I  MdiaP 

Tots1 F&li HI /\cmBr*IIMadla = 
rats1 o m m a d  BW w a i p  HI ~ N I M &  - 

T m I  l m m M  SFm HI l\EmuUI Media - 
T O ~ I  ~ a p l r s m ~ , s ~ s m ( ~ u n ~ l H I h u / U I M W i ~ -  



TABLE D.$.CT 

SUMMMY OF RECEPTOR RISKSAND H W S  FCRCOPCs 
CEMRILTENDIIlCY 

NNSYMllO 



TABLE 9.2.CT 

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs 

CENTPAL TENDANCY 

NNSY Site I 0  

Carcinogenic Risk 

HePsChior EDOXlde 

SkinNascular 

GBLldnteSUnai 



TABLE 9.2.CT 

SUMMARY OF RECEPTOR RISKS AND Hh?ARLlS FOR COP- 

CENTRAl TENDANCY 

NNSY Sue l o  



TABLE 9.Z.CT 

SUMMARY OF RECEPTOR RISKS AND HAURDS FOR COPCs 

CENTRAL TENDANCY 

NNSY Slle $0 

mpmr Popubnon: R m l d e l  

Total Uvet Hi A m 9  AIl Media = 
T&I BW HI AEmps All Media = 
Total CNS HI*emaAlI Medla = 

Tola 088IC4nbSUn$l HI Mrms AII Medla = 
T m l  VslOUlar HI WOTs All Media = 

Told Skin HI A c ~ u  All Media = 
T m l  NOAEL HIACms8AIl Madla S 

TO$! Whde M y  HI Across All Media = 

Total FW8 HI Acms A1 M 3 i a  = 
Told D ~ ~ r e e M d  M y  Wdghi Hi  AEmps All Media = 

T m l  Immune Splem HI Acmss Ali MNla - 
Total Rerpiralay System (Lung) HI Acms All Medla = 



TAXE8.9.CT 

SYMMUIYCF RCEPlORRISKSANDH*IIRD8FOR WPQ 

CENTRMTENMNCY 

NNSY S1blO 



Tab11 2 1 
CCCURREKE, DISTRIBUTION AND SELECTIOU OF CHEMICU OF WTENneL CONCERN 

NWSl le lODvDwk8 

Scenab Timelmme Future 

Medium Soll' 
EX OBYD Medlvrn S~il' n 



TaDIe2.1 

OCCURRENCE, OlSTRlBUTlONANDSELECnON OF CHEMICALSOF WTENTIALCONCERN 

NNSY 811s 10 Dly DocXB 

Medium Soil' 

24.3 MGiKG 10-SOlW2 7.82 N NIA NIA YES ASL 

S"rfWS0I 6 *"burlace mil ulmbined 

MinlrnYnVMBXimYm detened concentrations 

Maximum mncenP96an isused far scr8ening. 

~ackgroundvaluea na available. 

RISI.BBI~~ Concentrabn Table. October 25.2W5. u.S. EPA RaJim Ill. Jennila Hubbrd. 

RBCvsluefor pyrenewel ss~vnosale for pnenanlhrene and benm(g.h.1)perylene. 

RBC valvelor cadmum.fmd usedassurrogste lor wmium. 

RBC val~efOrd~mmiurn VI used lor total chrarnlvm 

RBC valwfor 4Memylphend u x d  ar rumgate b r  esmmophenyl-Wnylemer 

 ha soil uaua o l 4 ~  mgikg is lmrn Rcvlled lnlenm -11 LsadGuidsncs for CERCLASII~~ and RCRACom~llve Aotlon Facilitle, USEPA. July 14.19U. 

RBC valve for mangenew-nonfood usad as surrogate far msngsnsne. 

RBC valve b r  memricchloode wed as sunogste lor mercury. 

RBC lor aluminum, csbl l ,  and dibenzotursn mthdrawn hom Onobsr 2W5 RBC table due toupiralion of NCEA pmnrionsl t~x~city value. Value is fmmIho/\pnl a 0 5  RBC Table. 

(51 RahmIeCode~ 
Seledon Reason: AhueSusening Lewis (ASL) 

Deletan Resmn: NO Toxicity lnr~rma~ion [NTX) 

Eswntial Numenl (NUT) 

Below Soecnirq L a w  (BSL) 

COW = CPrniCBI 01 Pote"ti.1 cmosm 

ARAwmC = Applrable or Relevant and Apprtpnate Reguiremenfl 

To BeConsIdered 

J = btimsladVelus 

K = B L d  High 

L = Biased Lm. 

C = CasmaJsnic 

N = NDnPBIClnogenlC 



Table 2.2 

OCCURRENCE. OlSTRlBUilON AND SELECTION OF CHEMlCAlSOF POTENnAL CONCERN 

NNSY Sile 40 Dry Dmh 8 

M i u r n  Soil' 

Expmure 

point 

Emissim tmm Slii'11 Bte 
10, Dry Dacha 

CAS 

Number 

ElEd1 

75150 

Chernirnl 

Acelone 
Caaon dlwlfide 

Minimum [ l l  

Concenlrabon 

OYslitier 

3.07E-01 J 
3231-03 1 

Mmimun [ l ]  

Concentration 

wile, 

1351.03 

3.23143 J 

Unib 

ugim3 

u@m3 

Location 

ef Maximum 

Conanlrslon 

70-SO1802 

10-501802 

De lwon  

~requenoy 

W8 

I18 

R q  of 
~ e h ~ o n  

~ i m i n  

NIA 

NIA 

Conantation 121 

used fw  

screening 

1.35E.03 

3.231-03 

W g m u n d  Iq 
Value 

NIA 

NIA 

Screeniop 141 

Toridty valve 

329EMZ N 

730EMl  N 

PnenDBl 

APARIT~C 

V s l u ~  

NIA 

NiA 

Patentid 

AWTBC 

SDU~EB 

NIA 

NIA 

COPC 

 lag 

NO 

NO 

Raenale for [51 

cmlsminm 

mletion 

or SekNon 

BSL 

BSL 



Tatla 2.2 

OCCURRENCE. OiSTRlBUTlONANDSELECTlONOF CHEMICALS OF POTENTIN MNCERN 

NNSYSlls 10 D y  O d B  

Sur lxasdlk  subsuflmsoii mmbined 

MinhmurdMDIimM OlwlaWalrmnEtmWDn(ifmmuIii mncmtnuons. Y r ~ i m U w r ~ ~ u ~ ~ s C a i r ~ C 1 o i I ~ 1 O W ' ( l I P E F + 1 N ~  

VF mly inolmd in wlculslm hr M C s .  VF wlculsM m Teble2.2 Supplsmem. PEF = l.UE9rnYlg. 
MBXmUm -mLn ikU.MfMM(nn9. 

ssclgmurd u a h s  ml auleb*. 

Risk -b redCmen1~ im Table M r  25.2W5. US. EPA W e n  Ill. Jennaer Humad. 

RBCvdueIOrp,mncuaedm -ale br phsnsnhrensand banm(g,h.l)pwylae. 

RBCvd~efordmmiumVi uead for lotllchmmiun. 

~ ~ c f o r  durdnum, mbsll, and dibenmmn wlmdnwnfmm omow2005 RBC bbledua b s x p l r s t l m d N C ~ ~  pm@ioo# s w t y  wlua. 

Value I8 horn m e m l  M O S  RBC TlbH. 

RauonlleCcdo. 

SeMdon Reem": movescmning W s  (ASL) 

m l w n  RIM": M TmiW ln lOmim ( N W  

E w n l l  Numnl (NUT) 

BIiOWSEIBMlng Leml (BSL) 

I 
COPC = C ~ m l u l  of ~ ~ a l s l  Conwrn 

7 4 4 W  
744WW I Vanadium 

Zlnc 
1ME-05 J 
3 U E 4 5  J 

l U E 4 5  
741E45 

u r n 3  
u#m3 

1CS015-02 
SSPLDFLl927.SBO94l 

BIB 
718 

NIA 184EM 
NIA 741E45 

NIA 
NI* 

38SE-01 N 
l.l0E+02 N 

NIA 
NIA 

NIA 
NIA 

NO 
NO 

BSL 
BSL 



Soll Saturation Concentntlon (Ca, = Sirb ' (Kd ' r. Q, t H'' 4) 

WC - Inverse of the mean mncentralion at Ihe center 

EquaUons and chemical propenies from USEPA, 1996. Soil Screening Guidance: UsePs Guide. EPA15401R-961018. 

Page 1 of 1 



Table 3.1 

MEDIUM-SPECIFIC EXPOSURE POINT CONCENTRATION SUMMARY 

NNSY Site 10 Dry Dock 8 

Iron mglkg 5.78E+03 1.35E+M T 2.40EIM 2.40E+M mglkg 95% Gamma (1,4,5) 

Manganese mgkg !J.o~E+o~ I.ZX~E+O~ T 2.35~102 2.35E+02 mglkg 95% Cheb (1) 

Vanadium m@kg 9.10E+00 1.42E101 N 2.43E+01 2.43E+01 m@kg 95% UCL-N (3) 

'Surface soil 8 subsurface soil wmbined. 

For nondetects. 112 sample quantiietion limit was used as a proxy mncentration: far duplicate sample results, the maximum value was used in the calculation 

Options: Maximum Detected Value (Max); 95% UCL of Normal Data (95% UCL-N); 95% UCL of Log-transformed Data using H-Statistic (95% UCL-T); 

95% UCL Chebyshev MVUE (95% Cheb): 95% UCL based on Approximate Gamma Distribution (95% Gamma). 

(1) Shaplro-Wllk W Test indicates data are log-normally distributed. 

(2) 95% UCL (or mean) exceeds maxlmum detected wncentration. Therefore, maximum mncentration used for EPC. 

(3) Shapiro-Wilks W Test Indicates data are normally distributed. 

(4) Anderson-Da~iing test indicates data are gamma distributed. 

(5) K-Srnimov test Indicates data are gamma distributed. 

N - Normal 

T- Log-Normal 

NP - Non-Parametic 

Page I of I 



TABLE 7 4 RME 

CALCULATDY OFCHEMICAL CANCERRISKS W D N M I C A N C E R W R O S  

REASONABLE MMIMUM EXPOSURE 

NNSI sue IO ~l  aka 

sumam ane subsunam SMI cemo~nea. 
'9ubchronic valves used U available. othewire used chronlcvalue. 



TABLE 9.1.RME 

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCI 

REASONABLE MAXIMUM EXPOSURE 

NNSY Site 10 Dry COP 8 

'Sulface and subsurface soil combined. ~ots l  Kldney HI ~ c r c a o  ~ l i  Media = 

TMal CNS HI Acmss All Media = 

~otill  Gastranisrunal HI Anors~ l l  Media = 
TMsl VelCUlar HI A m  All Media = 

Total skin HI Across~ll Medla = 

TOtai NOAEL HI Across All Media = 


